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AB  STRACT 

This  manual ,  developed  for  use  by  Peace  Corps 
volunteers,   attempts  to  help  development  counselors  to  understand  the 
needs  of  remote-area  groups  and  to  provide  for  those  needs  through 
effective  self -help  projects.  The  projects  covered  are  those  that  can 
solve  most  effectively^  on  the  vi llage * levels   the  most  pressing 
problems .  The  manual  is  writtenin  as  nontechnical  language  as 
possible  and  provides  background. information  arid  step-by-step 
directions  for  many  projects,   illustrated  with  line  drawings, 
covered  by  the  manual  are  agronomy,   horticulture,  entomology, 
husbandry,   veterinary  medicine,   agriculture ,  home  industries , 
self-help  engineering   (making  tools  arid  equipment )__; and  measurements 
and  conversations.    In  addition,   a  background  information  sect  ion  is 
provided  for  the  counselor,  dealing  with  cultural  an thropology, 
sociology,   education ,   arid  the  effects  of  climate  on  plant 
growth . 
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INTORMATION  COLLECTION  &  EXCHANGE 


Peace. Corps1  Information  Collection  5  Exchange  (ICE)  was 
established  so  that  the  strategies  arid  technologies  devel- 
oped by  Peace  Corps  Volunteers,  their  co-workers f  and  their 
counterparts  could  be  trade  available  to  the  wide  range  of 
development  organizations  and  individual  workers  who  might 
find  them  useful.    Training  guides,  curricula,  lesson  plans, 
project  reports,  manuals  and  other  Peace  Corps-generated 
materials  developed  in  the  field  are  collected  and  reviewed. 
Soma  are  reprinted  "as  is"l  others  provide  a  source  of  field 
based  information  for  the  production  of  manuals  or  for  re- 
search in  par^c^ar  program  areas.    Materials  that  you  sub- 
mit to  the  Information  Collection  S  Exchange  thus  become 
part  of  the  Peace  Corps'  larger  contribution  to  development. 

Information  about  ICE  publications  and  services  is  available 
through : 

Peace  Corps 

Information  Collection  &  Exchange 
Office  of  Programming  &  Training  Coordination  ,. 
806  Connecticut  Avenue,  N.W. 
Washington,  D.C.  20525 
(  202)  254-7386 


Add. your  experience  to  the  ICE  Resource  Center.    Send  ma- 
terials, that  you've  prepared  so  that  we  can  share  them_ 
with,  others,  working  in  the  development  field.    Your  tech- 
nical insights  serve  as  the  basis  for  the  generation  of 
ICE  manuals,  reprints  and  resource  packets,  and  also 
ensure  that  ICE  is  providing  the  most  updated,  innovative 
problems  solving  techniques  and  information  available  to 
you  and  your  fellow  development  workers. 
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fl:ASUREsENTS  AND  CONORS  IONS 


This  manuaiis  a  sample  of  CDeS  services  available  to  any- 
one on  a  contract  basis; 

Remote  areas  development ^  as  treated  herein,  consists  of 
projects  implemented  to  motivate  people  to  help  themselves  in 
the  improvement  of  their. living  standards ^  local  economies ^  and 
the  national  economies  of  the  countries,  in  which  they  live. 

r 

Self-help  projects  are  the  vital  part  of  remote  areas 
development  but  few  persons  have  had  experience  with  such  pro- 
jects,    A  search '^fpr  what  to  do  and  how  to  do  it  usually  is 
fruitless  since  most  of  the  available  information  is  too  tech- 
nically advanced  to  be  immediately  applicable  to  villagers. 

This  manual  attempts  to  correct  that  situation  by  enablinr 
the  development  counselor  to  understand  the  needs  of _a  remote 
area  group  and  to  provide  for  those  needs  throuph  effective  self 
help  projects. 

The  projects  covered  are  those  which  can  solve  most  effect- 
ively, on  the  village  level,  the  most  pressing  problems,  Tor 
example,  if  a  village's  agriculture  is  handicapped  by  a  lack  ofr 
tools,  the  manual  can  help  th$ counselor  to  teach  selected 
villagers  to  make  and  use  a  hand  forge  to  provide  the  tools  for 
production  of  ample  food* 

The  manual  is  generally  applicable ,  for  reference  and  gui- 
dance ,  to  any  remote  area  group*     However  §  since  .problems  differ 
with  areas ,  the  counselor  will  have  to  adapt  projects  to  what  he 
finds  in  a  specific  area. 

A  key  to  remote  areas  development  is  the  selection  and 
training  of  bright  villagers  who  can  teach  their  own  people. 
If  the  number  of  such  persons  is  limited,  small  extension  teams 
can  be  formed  to  instruct  in  health,  education,  and  economic 
development . 

Most  of  the  undeveloped  populations  of  the  world  subsist 
by  growing  food  crops  and  animals.     In  suggesting  chanres  one 
must  understand  soil  conditions,  availability  of  water  ana 
nutrients,  climate,  weather,  diseases,  and  all  of  the  other 
factors  that  determine  an  areata  potential  for  improvements 
Many  groups  produce  only  enough  food  for  subsistence,  and  an 
easy  way  to  make  such  populations  unfriendly  is  to  experiment 
with  new  ideas  at  the  expense  of  their  food  supplies,.   A  bepin- 
ner  can  keep  his  experiments  small  and  explain  that  his  trials, 
may  not  succeed  but ,  if  successful ,  could  add  to  the  community's 
income  or  food  supply , 

Make  sure  before  you  try  any  project  that  it  does  not 
violate  local  customs  or  traditions ,     A  CDCS  counselor  once 
suggested  the  use  of  oxen  and  buf falos  to  pull  wooden  plows , 
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..c  seen  discovered  that  this  was  taboo  because. the  ancestors 

lived  in  the  fields  and  the  animals  were  hot  allowed  to  walk  there. 


^ce  triat  a  big  effort  docs  not  turn  into  a  big  blundcr1  A 
recent,  ^rocar1  to  establish  vegetable  gardens  seemed  to  have  con- 
siderable ;nerit.     Imported  seeds  were  distributed  in  large  numbers . 
Hie  untested  forcirn  seeds  did  not  produce.     Tamers  were  extreme  lv 
ar.gfv  at  the  host  government  and  at  foreign  advisers  because  of 
lost  labor ,  income  and  food.     *i*he  purpose  in  relating,  this  story 
is  not  to  discourage  but  to  ao\  lse  that  extreme  care  is  needed  to 
avoid  adverse  effects. 


In  promoting  cottage  industries  for  remote  area  populations, 
one  nust'  imagine  that  the  pages  of  history'  have  been  turned  back 
and  that  modern  technology  and  industrial  capabilities  no  longer 
exist.     If  water  is  carried  by  hand,  perhaps  a  Persian,  or  other, 
water  wheel  could  water  crops  or  animals.     The  time  saved  could 
be  used  to,  provide  Better  care  of  crops  through  hanc  manufacture 
cf  fertilizers  bv  composting. 

Improvements  can  often  be  made  in  traditional  methods  of 
weaving  cloth. or  making  clothing.     Introducing  a  hand  lean  might 
improve  a  village's  standard  of  living,    Making  pot  soap  is  an 
industry  that  could  aid  health  and  sanitation.    Cid  rubber  tires 
m^c  good  shoes  if  cut  proper lv  and  sewn  together. 

Amazing  acccrpl ishmcnts  can  be  achieved  by  the  counselor 
who  can  recognize  needs  that  can  be  resolved  bv  simple  projects 
such  as  those^  suggested  in  this  manual,    Most  of  the  effective 
recent  development  programs  have  resulted  from  experimental 
beginnings  on  the  village  level.     Let  CDCS  help  to  improve  living 
standards  for  all  remote. area  populations  throughout  the  world. 
Tins  effort  must  be  carried  on  if  the  affluent  fraction  of  huma- 
nitv  is  to  obtain  and  keep  the  good  wi  11  of  the  majority. 
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iVaivsis  Questions  for  the  F-icit 

S 

Agricultural  '  s  ■-. 

lt    What  crops,  vegetables,  animals^  or  other  items  form  the 
basis  for  the  population's  food  supply  and/or  economy? 

2.  What  topographic,  weather,  climate,  soil,  water,  wind,  and 
other  factors  restrict  or  assist  the  growth  of  certain  plants  or 
animals? 

3.  What  plants  or  animals  would  possibly  adjust  to  area  con- 
ditions and  at  the  same  time  benefit  the  local  population's  food 
supply  and/or  economic  situation?  j 


4.  *7hat  improvements  could  be  made  utilizing  local  assets  to 
improve  the  arpaVagwcult-ural  production?    Examples  might  be  com- 
posting to  improvexcrop  production  or  isolation  of  sick  animals  to 
control  the  spread  of  disease) . 

5.  What  methods  of  production,  crops ,  or  animals  exist  in 
adjoining  areas  that  could  be  introduced  to  assist  the  target  area? 

t>.    What  are  the  types  of  programs  that  could  be  attempted  on 
an  experimental  basis  to  determine  application  and population  interest 
( Examples  are  home. gardens,  usejof  animal  power,  new  hand  tools  to 
assist  production  techniques,  and  other  development) . 

7.  Is  there  a  potential  and  outlet  for  cash  crop  production 
and/ or  animal  industries? 

8.  What  assistance  is  available  for  agricultural  loans  or 
development  grants  from  local  government  or  other  sources? 

9.  would  cooperative  marketing  or  production  techniques  improve 
the  area  economy? 

10.  What  area  assets  are  available?    Fran  whom  can  you  obtain  ; 
technical  guidance  and/or  other  assistance  in  the  development  of  agri- 
cultural programs? 

11.  What  are  the  customs  and  traditions  of  the  population  groups 
♦.iat  affect  agricultural  systems? 

12.  What  government  controls  or  other  outside  restrictions  handi- 
cap improvement  of  the  general  economic  situation? 

Cottage  Industries  or  Home 


level? 


1.  What  cottage  industries  presently  exist? 

2.  Are  basic  items  needed  that  could  be  produced  on  the  village 
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;      3.    tohat  cottage  Industries  would  assist  the  villages  in  pro- 
viding more  food,  clothing,  housing  or  other  basic  needs?  (Examples 
are  weaving  loans \  brick  presses  or  kilns,  and  hand  forges  to  produce 
tools) i 

4*    What  raw  materials  at c  available  to  meet  the  needs  of  various 
*    cottage  industrial  programs? 

5.  Do  the  villagers  have  certain  basic  skills  that  might  be 
applicable  to  certain  types  of  industries? 

6.  What  are  the  various  possibilities  for  financing  simple 
machines? 

7.  Can  the  heeded  machines  be  improvised  and  constructed  on 
the  village  level? 

8*    Is  there  a  potential  for  cash  irgzowe  resulting  fron  the  sale 
of  hone  manufactured  products? 

h    What  are  the  existing  conditions  of  health  and  sanitation? 

2.  If  sanitation  is  pobr,  what  are  the  primary  reasons? 

3.  Can  health  education  programs  be  initiated  to  improve 
village  standards?    (Examples  are  use  6F  latrines*  penning  of  animals, 
improvement  of  jyater  supply ^  etc,) 

4.  Do  local  goverrments  provide  basic  medical  assistance?  If 
not,  what  programs  could  be  initiated? 

5i    What  types  of  primitive  medicine  are  offered  £rm  Mquack  doctors", 
sorcerers -9  etc.? 
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A  basic  understanding  of  anthropology ^  sociology §  climatic 
influences,  and  education  is  necessary  for  anyone  ripping  to 
develop  community  improvement  programs*    Although  the  reader 
will  realize  that  all  of  these  subjects  are  valuable f  he  will 
not  fully  appreciate  their  merits  until  he  finds  himself  wrest- 
ling with  actual  problems  in  the  field.    There  one  learns  what 
programs  can  succeed.    Often  people  refuse  to  try  something  new 
because  of  various  customs ,  be  lief sA  or  lack  of  education^  These 
problems  arc  not  necessarily  barriers  but  they  must  be  understood 
before  they  can  be  corrected. 

It  is  very  frustrating  to  have  wasted  considerable -time 
and  effort  attempting  to  introduce  a  project  which,  if  it  had 
been  presented  differently, would  have  succeeded,  A  knowledge  of 
anthropology,  sociology,  and  the  specific  area .prompts  the 
counselor  to  le^m  pertinent  facts,    Eyei^extensive  reading 
about  a  group  does  not  replace  being  there  and  asking  intelli- 
gent questions ,  particularly .  of  village  elders,  historians,  and 
sorcerers  • 

Remenber  that  you  are  present  to  give  assistance  and 
training  for  only  a  very  short  time.    The  American  often  makes 
the  mistake  of  thinking  that  the  best  way  to  develop  a  community 
is  to  do  it  himself.    He  reasons  that  the  work  will  move  faster 
and  more  smoothly  this  way  because  he  already  has  the  necessary 
knowledge;    devoting  time  to  developing  among  the  natives  the 
skills  needed  to  enable  them  to  continue  the  work  after  he  has 
left  would  impede  progress.    However,  trained  indigenous  personnel 
are  an  absolute  requirement  for  the  continuation  of  all  community 
development  programs. 

The  American's  tendency  is  to  pick  up  the  ball  and  run 
with  it;    thus,  when  he  leaves  the  game  is  over.    Teaching  the 
:  people  you  arc  helping  to  carry  the  ball  themselves  is  a  diffi- 
cult and  often  avoided  task  but  this  is  the  essence  of  conrnrunity 
development . 


CULTURAL  ANTHROPOLOGY 

tatiiropoiogical  studies  explain  ha*  coniTwnities  solve 
their  problems  and  how  a  culture  or  civilization  affects  the 
attitudes  of  all  the  individuals  living  in  it. 

Most  people  iive  in  canmunities  and  have  traditional  ways 
of  adjusting  to  their  natural  environments  and  to  one  another. 
The  ways  of  life  of  a  commtmity,  including  its  faiths  and 
standards ,  are  solutions  to  problems  of  survival. 
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WHY  SOCIETIES  AR£  ALIKli 


All  societies  provide  ways  for  meeting  the  fundanfcntal 
problems.    Men  feed  themselves  and  their  children,  reproduce 
arid  rear  their  offspring!  and  protect  themselves  and  their 
offspring. 

Man's  adaptation  to  the  physical  world  is  accomplished 
not  through  changing  his  physical  nature,  but  through  society. 
Animals  and  plants  have  made  ajustments,  over  long  periods, 
by  the  development  of  radical  changes  in  their  very  organisms. 
Hereditary  differences  meet  heeds  of  various  environments. 
But  among  the_ races  of  men^  differences  in  head  form  and  in 
other  physical  features  are  not^  in  most  cases,  clearly  adap- 
tive.   Nor  is  it  clear  that  mental  capacities  of  races  are 
different.    So  far  as  we  know,  the  races  of  man  are  equally, 
intelligent  and  equally  capable  of  solving  their  problems  of 
living  together.    Their  varying  ways  of  life  are,  it. seems, 
social  and  learned  differences  and  not  physical  and  inherited 
differences.    Therefore,  man's  adjustment  to  his  surroundings 
is  to  be  studied-in  .custom  and  institution ,  not  in  anatomy 
and  neural  structure. 

Perhaps  the  most  basic  aspect  of  man's  adjustment  to 
the  physical  world  is  the  relation  between  population  and 
resources .    Any  human  contnunity  is  an  aggregate  of  organisms 
competing  with  others  for  food  and  the  other  necessities  of 
life.    The  ways  of  life  of  any  settlement  depend  on  or  are 
conditioned  by  the  possibilities  for  livelihood  which  the  en- 
vironment offers.    And,  though  men  always  work  but  ways  of 
feeding  themselves ,  the  ways  do  not  remain  adequate  indefi- 
nitely.   The  increase  of  population  that  comes  with  success 
in  developing  natural  resources  disturbs  the  balance  between 
resources  and  population  and  demands  new  adaptations.     if  the 
tools  and  methods  for exploiting  the  resources  are  rrodified, 
these  modifications  in  turn  bring  changes  in  the  institutions* 
and  social  organization  of  the  people. 

Thus,  the  presence  of  bison  enabled  a  certain  number 

of  Indians  to  live  successfully  on  the  Great  Plains.  The  

introduction  of  the  horse,  which  greatly  increased  their  power 
to  hunt  bison,  enabled  more  Indians  to  live  the re i    With  the 
development  of  cooperative  hunting1  when  entire  tribes  depended 
upon  accessible  herds  of  buffalo,-  soldier  societies  with  police 
functions  grew  up  among  the  Indians  to  control  it;    When  the 
gun  was  added  to  the  horse,  the  bison  were  hunted  so  effectively 
that  they  were  almost  exterminated.    This  reduction  of  the  herds 
destroyed  the  Indian  economy  on  the  plains ^  and^  with  the 
suppression  of  warfare  hy  the  whites ^  was  largely  responsible 
for  the  disappearance  of  soldier  societies  and  military  and 
hunting  virtues. 
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The  equation  of  man?  a  farmer  today  is  quite  ctstt^i arable. 
In  producing  large  numbers  of  deprived  and  insecure  migratory 
laborers,  the  interaction  of  these  same  interrelated  factors 
will  be  found  to  be  involved:    (1)  Population  increase;    (2  J 
accelerated  use  of  limited  or  marginal  resources;  __£3J  strong 
social  and  economic  pressures  from  without ;    (4)  technical 
changes,  as  in  the  mechanization  of  agriculture,  and  develop- 
ments in  marketing  and  financing  in  agriculture;    and    (5)  cor- 
responding repercussions  on  the  institutions  of  the  farmers  and 
their  outlook  ch  life. 


HOW  THE  ANTHROPOLOGIST  LOOKS  AT  SOCIETIES 

The  anthropologist  is  helpful  because  he  studies  the 
adjustment  of  people  to  their  physical  environment  and  to  one 
another.    Anthropology  had  its  beginning  in  sPecul at ive  philo- 
sophy and  became  a  discipline  responsible  to  fact,  largely,  as 
one  of  the  earth  sciences- a  study  of  human  society  as  one  of 
the  elements  in  a  habitat.    It  is  capable  of  telling  us  how  a 
simple  community  makes  a  living  and  how  social  organization  and 
even  the  will  to  live  are  affected  by  changes  in  the  business 
of  making  a  living. 

In  some  communities  the  problem  confronting  the  admi- 
nistrator may  be  getting  enough  food;    A  knowledge  of  ^sources, 
population,  and  technology  may  be  enough  for  dealing  with  that 
problem.    One  is  not  encouraged  first  to  make  an  exhaustive 
study  of  the  effects  of  progressive  starvation  upon  the  social 
institutions.    However,  a  study  of  the  interrelations  of  tech- 
nology and  social  institutions  may  be  of  great  practical  value. 


DIFFERENCES  BETWEEN  SIMPLE  AND  COMPLEX  SOCIETIES 

TO  survive,  men  must  control  nature  and  relations  among 
themselves.    Social  adjustments  among  the  members  of  a  group 
are  made  by  means  of  such  organizations  as  the  family,  the  neigh 
borhood,  and  economic  and  political  organizations. 

Each  society  has  built  up,  through  experiences  of  its 
members    a  set  of  values  by  which  they  live.    Certain  actions 
S? considered  good  and  otners  bad,  and  these  evaluations  deter- 
mine rules  of  conduct.    Such  rules  consist  of  obligations 
duties »  rights,  and  privileges  by  which  the  members  of  the 
group  are  controlled. 

The  social  organization  of  a  people  not  only  regulates 
the  relations  of  the  members  but  also  controls  the  ^vision  of 
labor  necessary  for  the  manipulation  of  the  skills  arjdt^ls. 
In  some  societies  the  labor  is  ^ually  div^ed;    in  others  some 
individuals  are  given  the  pleasant,  and  others  the  unpleasant 
jobs.    These  differences  in  tasks  are  usually  associated  with 
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status  s    All  of  the  complex  societies  ~9  including  our  bun-  have 
soto  kind  6F  status  system;    A  caste  system^  such  as  that  of 
India,  is  so  rigidly  Fixed  that  every  individual  is  born  to  per- 
form a  certain  task  arid  to  occupy  a  corresponding  social  position. 

There  are  single,  or  uwdiFFercntiated,  social  structures 
and  complex,  or  differentiated  ones. >L  A  socially  diFFerentiated 
society  is  divided  into  many  social  institutions,  while  the 
sinplc  societies  have  few  social  institutions ;    The  Family  is 
often  the  only  Formally  organized  social  structure  that  many  of 
these  sinple  communities  possess.    The  more  differentiated  com- 
munities ,  such  as  our  own ,  develop  different  kinds  of  institu- 
tions to  perform  different  social  functions.    The  family  system, 
instead  of  organizing  the  economic  and  political  activities  of 
the  comnunityj  chiefly  controls  sexual  behavior  and  the  early  ^ 
training  of  the  resulting  offspring.     In  primitive  societies  in 
Australia,  old  men  dominate  the  group.     in  complex  communities 
control  is  widely  distributed  among  politicians,  Factory  owners, 
administrators ^  teachers,  professors,  soldiers,  ministers,  and 
church  officials. 

In  complex  societies ^  the  appearance  bF  many  kinds  of 
people  that  are  noi  Found  in  the  simpler  coninuni ties  means  that 
there  is  an  increase  in  (1J  specialization,  £2}  kinds  of  social 
status ^  arid  (3)  individualism. 

In  specialization  there  are  more  activities  but  Fewer 
oF  them  are  perFonred  by  any  individual.    The  automobile  Factory 
performs  a  highly  specialized  activity  since  it  makes  but  one 
article,  arid  specialization  is  carried  to  its  ultimate  on  the 
assembly  line  where  the  workers  perForm  but  one  or  two  oF  the 
thousands oF  activities  necessary  to  make  the  automobile.  h 
the  development  of  automotive  manuFacturc  the  number  oF  activi- 
ties has  increased,  while  the  number  of  operations  performed  

by  the  average  worker  has  diminished.    A  similar  specialization 
rxcurs  among  Farmers.    One  re n ion  grows  corn,  another  cotton, 
and  still  others  Fruits,  vegetables,  and  other  crops.    A  com- 
munity living  on  the  production  of  one  crop  is  dependent  or, 
other  conruni  ties'  products. 

Social  differentiation  of  a  coimunity  provides  a  g:-eater 
variety  of  opportunities.    This  tends  to^produce  individualism. 
If  the  variety  of  situations  is  such  that  no  two  men  have  the 
same  training  or  social  relations,  each  man  is  different. 

No  study  of  societies  is  coirplete  without  reference  to 
the  universal  existence  of  sacred  beliefs  arid  rituals  which 
control  coiSnuriities.  These  concepts  seem_tb  lose,  their  influence 
as  changes  become  rapid  arid  frequent.    "In  the  old  days/1  said 
the.  Indian  after  he  had  been  put  on  the  reservation,  'there  was 
# rib  law;    everybody  did  what  was  right."    Ite  meant  that  actions, 
being  explained  arid  justified  by  myth,  ritual,  and  the  approval 
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of  his  fellows,  seemed  both  natural  and  right;    Where  a  society 
is  left  alone  long  enough t  beliefs  and  customs  become. harmonious 
arid  interdependent.    One  aspect  of  contemporary  social  problems 
is  the  break-down  of  common  understandings,  especially  moral 
understandings.  S 

h  simple  agricultural  coirtnunities  such  as  those  of  the 
aborigines  of  the  northern  Ihilippines,  or  the  Pueblo  Indians 
of  ou-  own  Southwest: -at  least  before  the  advent  of  the  white 
man- -everyone  tends  to  do  part  of  all  the  essential  things  and 
all  men  tend  to  have  similar  views  of  life.    Anything  one  man 
Or  woman  does  is  much  like  what  another  does.     In  such  societies, 
every  man  performs  the  same  rituals  for  the  security  of  his 
crops  and  for  his  inner  well-beiwg.    The  ideas  of  gods  and  of 
good  and  bad  conduct  are  substantially  the  same  for  every  person 
in  the  community.    Therefore,  when  a  student  of  such  a  society 
gets  to  knoW  one  adult  in  the  community,  he  knows  much  of  all 
the  others. 

fri  complex  societies ,  where  the  division  of  labor  is 
high,  no  one  person  does  more  than  a  small  part  of  the  necessary 
tasks.    The  people  who  participate  in  this  division  of  labor 
are  not  homogeneous,  as  is  the  case  in  a  self-sufficient  primi- 
tive society.    No  man  understands  it  all.  The  ideas  and  under- 
standings of  any  one  member,  adapted  though  they  be  to  the  mode 
of  life  that  is  there  current,  do  not  have  the  completeness  of 
interrelationship  that  is  characteristic  of  the  habits  and 
customs  of  people  in  self-sufficient  primitive  societies. 

The  anthropologist,  if  confronted  with  a  problem  of 
land  settlement  or  a  new  marketing  provision,  will  study  the 
new  system  in  its  relations  to  the  customs  of  the  community. 
He  will  ask  himself:    What  was  the  old  program  and  how  does 
the  substitution  affect  the  work,  play,  or  social  structure  of 
the  community?    Assuming  the  tendency  of  customs  and  institu- 
tions to  be  conditioned  by  one  another,  he  will  consider  the 
new  feature  in  terms  not  merely  of  its  practical  efficiency  or 
its  theoretical  outcome,  but  of  the  values  and  understandings 
Of  the  people  of  that  community.    He  will  seek  to  discover  what 
the  new  device  means  to  the  people,  and  whst  changes  in  their 
customary  ways  are  likely  to  follow  as  a  result  of  using  it. 
A  change  in  technology  often  brings  with  it  changes  in  the 
social  organization  and  the  system  of  values  of  the  community. 

It  npears  that  a  comrruriity  functions  better  when  its 
rentiers  sha.e  common  traditions,  ideals,  and  objectives.  h 
primitive  societies  the  members  of  the  community  have  lived 
long  and  intimately  together,  facing  common  difficulties  and 
working  out  solutions  in  which  everyone  participates. 
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It  has  often  been  said  that  the.  physical  or  'Ytatural  "  sciences 
have  been  developed  to  a  high  state. biit  that  they  are  just  as  capa- 
ble of  wrecking. as  of  creating  civil izatibn.     What  is  needed | 
according  to  this  view ^  is  a  social  science  that  wil  1  show  as  hew 
to  Use  bur  Knowledge,  for  the  good  of  man.   _But  the ..^ocial  sciences 
are  very'  voting  >  and  to  a  considerable  extent  they  have  been  con- 
fined to  the  classroom  and  the  professor's  study.    Can  they  be 
applied  to  the  problems  of  the  everyday  world?    Mere  is  an  .attempt 
to  explore  the*  possibilities  of  using  sociology  in  the  study  of 
rural  problems. 

Sociology  has  been  developing  for  billy  a  little  over  a  gene- 
ration, but  during  that  short  period  it  has  been  organized  into 
fairly  concrete  fields  of  study  and  investigation  focused  upon 
social  problems  of  which  the  general  public  has  become  conscious. 
The  following  specific  fields  of  teaching  and  research,  each  of 
which  will  be  described  later,  probably  represent  sociology  as. 
well  as  any:    Social  organization;    population  study,  or  social 
demography;    social  ecology,  or  human  geography;  cultural  or 
social  anthropology;    social  psychology;  social  pathology. 


SOCIAL  ORGANIZATION 

The  study  of  social  organization  is  the  heart  of  sociology, 
for  social  organization  constitutes  the  formalized  machinery  by 
which  people  live.     Social  organization  in  rural  life  is  in  many 
ways  similar  and  in  a  number  of  ways  dissimilar  to" that  in  urban 
life,     hach  rural  grouping  lias,  a  pattern  conditioned  not  only  by 
geography  and  the  means  of  transportation  and  communication  but 
by  inherited  ethnic ,  rel igious ,  and  economic  social  patterns. 
Neighborhoods,  villages ,  institutional  and  service  groups,  in- 
cluding families,  schools,  churches,  libraries,  and  health, 
recreational,  and  welfare  agencies;    class  and  commodity  group- 
ings; and  even  poli tical  groups ,  all  constitute  forms  of  social 
organization.     Ibople  measure  their  social  standing  in  terms  of 
the  extent  to  which  they  a rotable  or  are  permitted  to  help  operate 
these  pieces  of  social  machinery;     and  since  everyone  desires  an 
acceptable  social  status,  some  of  the  deepest  issues  cf  rural 
welfare  are  involved  in  the  problems  of  participation  in  social 
organizations. 

The  impact  of  the  world  at  large  on  rural  ;life  is  steadily 
increasing.  It  is  important  to  know  to  what  extent  local  orga- 
nizations contribute  to  the  economic,  social ,  and  psychological 

stability,  well-being,  and  contentment  of  rural  people.  .Their  

major  concern  is  with  comparatively  local  community  organizations. 
Development  programs  should  recognize  this. 
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POPULATION  -f  OR  SOCIAL  DEMOGRAPHY 


Demography  (from  demos,  people,  and  geography)  or.popu-. 
latiori  analysis^  is  important  to  the  economist,-,  the  political 
scientist,  and  the  geneticist.     It  deals  with  the  numbers^ 
distribution^  and  composition  of  populations  arid  ventures 
predictions  concerning  population  trends  and  their  relation- 
ships to  'the  physical,  economic ^  arid  social  environment. 

Rural  populations  throughout  the  world  bear  peculiar 
relationships  to  national  populations  and  to  national  eco- 
nomic and  social  structures.    The  urbanization  of  society 
has  been  in  process  for  generations  and  has  stimulated  an 
almost  constant  net  flow  of  population  from  farms  to  towns 
arid  cities,  out  of  agriculture  into  ^industrial ,  commercial  -t 
and  professional  occupations.    The  rural  birth  rate  nearly 
everywhere  is  higher  than  the  urban,  and  in  many  instances 
is  highest  in  areas  with  the  poorest  natural  resources  arid 
the  lowest  standards  of  living.     Because  persons  born  and 
reared  in  rural  areas,  including  areas  with  pooT  natural 
resources  and  poor,  economic  arid  social  opportunities,  will 
continue  to  furnish  workers'  arid  citizens  to  other  segments 
of  the  population  arid  to  the  economic  and  social  life  of  the 
nation  as  a  whole,  a  nation  must  be  concerned  with  the  cha- 
racter,  composition,  arid  opportunities  of  its  rural  population. 


SOCIAL  ECOLOGY,  OR  HUMAN  GEOGRAPHY 


Social  geography  or  ecology  is  the  study  of  the  way 
people  distribute  themselves  over  the  land  in  developing 
and  utilizing  natural  resources  and  in  response  to  cultural 
and  social  forces.    Land  utilization  strongly  affects  the 
total  social  structure  of  a  region.    The  amount  of  land  per 
farm  determines  the  spacing  of  the  rural  population  and  con- 
sequently affects  all  social  institutions  arid  contacts. 
CoiTOunity  life,  institutions,  and  the  levels  of  living  of 
a  people  are  influenced  by  the  natural  resources  of  the  area. 
Ownership  and  control  of  land  condition  social  welfare.  Un- 
less tenure  is  relatively  permanent  and  secure,  the  making  of 
profits  from  efficient  use  of  land  will  not  guarantee  the 
user*  s  wel  fare. 


SOCIAL  ANTHROPOLOGY 


Not  least  among  the  natural  resources  of  a  society  or  a 
nation  is  its  social  heritage.     In  a  rapidly  changing  society 
this  heritage  may  be  lost.     It  is  not  possible  for  any  so- 
ciety to  break  completely  the  ties  between  its  past  and  present, 
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but  it  is  easy  to  fail _to_ recognize  the  influence  of  these  tiesi 
Such  failure  is  quite  common,  especially  arong  those  who  deal 
with  more  exact*  and  measurable. phenomena.     It  is  natural  that 
new  traits  of  culture^  especially  when  they  are  physical  of 
economic  and  therefore  easily  observed,  should  obscure  the 
presence  of  old  traits  that  lie  deeply  hidden  in  people^ s 

attitudes  and  their  value  i ud pen ts.    These  attitudes  an d;  

judgments  are  the  most  persistent  things  in  hunum  experience. 
They  may  constitute  the  inertias  of  a  society which  prevent 
change  and  preserve  "sacred"  tenets  of  the  group,    llie  more 
rationalized--that ^s^  the  mere  scientific,  efficierix^  arid 
planned- -agriculture  Becomes,  the  more  important  it  is  to 
understand  these  forces  of  inertia  that  may  thwart  complete 
rationalization  or  expertizatibn  of  economic,  political ,  and 
social  programs. 

The  folk. culture  in  a  simple  society  is  its  most  treasured 
possession.    This  is  probably  true  of  even  the  most  complex 
societies,  though  people  are  not  aware  of  it.    When  change  is 
very  rapid  and  diyersej  however^  the  treasured  possessions  of 
culture  are  jostled  out  of  their  place  in  the  life  of  the 
group  because  of  the  competition  of  new  elements  that  tempo- 
rarily obscure  them.     In  our  modern  rural  society,  we  un- 
doubtedly desire  many  of  the  new  things ,  but  we  would  like  to 
obtain  them  without  sacrificinc  the  treasures  of  social  heri- 
tage.   Ive  want  not  only  the  economic  but  the  social  and  psycho- 
logical security  people  had  when  self-sufficient  agriculture 
prevailed.    We  want  the  richness  of  rural  life  that  many  less 
commercial  agricultures  have  because  of  their  folk  art,  music^ 
drama,  recreation,  and  other  cormamity  activities;    we  want 
the  personality  and  values  which  we  think  grow  only  out  of 
family,  neighborhood,  and  community  life;    but  we  do  not  want 
the  continuation  of  a  large  amount  of  irksome  labor,  the  iso- 
lation ,  and  the  low  standards  of  living  that  can  be  eliminated 
by  modern  science,  business  -t  and  technology. 

We  cannot  attain  this  happy  combination  of  past  and  pre- 
sent unless  we  understand  the  folk,  as  well  as  the  scientific, 
processes.    We  must  know  how  far  and  how  fast  improvements 
can  be  made  in  the  standard  of  living  by  artificial  stimula- 
tion or  by  demonstration;    Cultural  anthropologists  have  for 
decades  been  studying  cultures  of  relatively  simple  societies. 
Their  techniques  are  applicable  to  analysis  of  more  complex 
societies. 

SOCIAL  PSYCi IOLOGY 


While  the  cultural  anthropologist  studies  human  behavior 
as  a  complex  whole  in  terms  of  folkways ,  customs ,  traditions,  . 
and  group  values ,  the  social  psychologist  attempts  to  understand 
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these  cultural  processes  as  they  manifest  themselves  in  individual 
human  behavior. 

Social  psychology  deals  witlh  the  Kay  customs,  traditions, 
institutions,  and  unique  life  experiences  ?.re  reflected  in  the 
attitudes  and  opinions  of  members  pf  a  group.     It  also  attempts 
to  analyze  and  understand  the  operation  of  public  opinion  as  it 
functions  in  collective  behavior. 

Social  psychology  helps  us  to  predict  attitudes  toward 
development  programs  and  the  economic  and  social  adjustments 
which  these  programs  seek  to  effect.     It  tells  us  how  public 
opinion  and  democratic  processes  can  be  made  to  work  in  pro- 
grams that  are  promoted,  at  least  partly,  and  in  some  cases 
quite  dominantly,  from  above;    what  is  happening  to  individual 
initiative  and  enterprise  under  such  programs  and  under  public 
relief  programs;    and  what  is  happening  to  the  old  rural  neigh- 
borhood and  folk  attitudes  and  habits  under  the  impact  of 
mechanization  and  commercialization. 

Because  of  the  slowness  with  which  new  elements  of  culture 
have  penetrated  rural  areas,  behavior  and  ideas  have  prevailed 
there  long  after  they  have  changed  in  urban  centers.    A  thorough 
understanding  of  the  values  and  inertias  of  rural  institutions 
is  essential  to  an  understanding  of  how  they  can  be  changed. 


SOCIAL  PATHOLOGY 


Social  pathology  is  the  study  of  social  maladjustments. 
In  rural  districts  crime  has  always  been  relatively  slight  and 
pauperism  almost  absent,  but  poverty  has  been  much  more  wide- 
spread than  is  commonly  known.     If  rural  families  living  in 
poverty  do  not  resent  this  status,  it  ill  behooves  the  socio- 
logist or  anvone  else  to  be  unduly  worried  about  them  unless 
the  existence  of  such  conditions  jeopardizes  other  families  or 
handicaps  the  future  generation  being  born  and  reared  in  tnesc 
homes. 

Rural  *lums  have  been  developing  through  a  number  of 
generations,  but  this  has  not  been  obvious  to  the  general 
public    or  even  to  the  rural  public.     Inadequate  rural  bouses 
existing  by  the  thousands  have  not  been  so  concentrated  geo- 
graphically as  to  be  obvious  to  the  passer-by.    Rural  unem- 
ployment has  most  often  existed  in  terms  of  underemployment 
or  ineffective  employment  and  has  not  been  recognized  because 
of  the  relatively  self-sufficient  mode  of  life  on  the  farm. 
Consequently,  little  attention  has. been  given  to  the  problem 
of  farm  unemployment.    It  is  too  often  assumed  that  tlie re  is 
a  steadv  stream  of  people  moving  up  the  agricultural  ladder 
from  laborer  to  tenant  to  owner.    There  is  considerable  evidence 
that  there  is  an  ever-increasing  number  of  persons  who  are  being 
stalled  on  the  lower  rungs  of  the  ladder  and  many  who  are 
descending. 
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EDUCATION 


The  faction  of  education  has  always  been  to  prepare  people 
for  happy^and  successful  living  in  'the  communities  of  which  they 
are  a  part.     if  education  is  to  be  of  real  service  to  remote  and 
rural  communities ,  we  must  cease  to  be  awed  by  traditional  sub- 
jects and  procedures  and  teach  essentials. 

Education  has  existed  in  all  societies.     h  many  ways  the 
educational  procedures  of  primitive  men  were  more  sensible  and 
more  effective  than  the  schools  of  today.   The  ancients  knew 
what  they  wanted  and  went  about  it  vigorously  and  directly. 
The  boys  learned  warfare ,  hunt ingj  and  hardihood  as  well  as 
many jranual  arts.    The  girls  learned  cooking,  weaving,  and 
other  women^s  skills  and  duties.    Bo th  sexes  were  steeped  in 
the  traditions,  morals  and  ideals  of  their  g.'oup.    Hie  socie- 
ties of  adolescents  and  the  spectacular  and  often  prolonged 
initiation  ceremonies  were  for  the  sole  purpose  of  preparing 
young  people  for  their  coming  responsibilities  as  members  of 
the  tribe.    American  Indians ,  {Polynesian  islanders,  and  African 
tribesmen  went  to  school  arduously  and  on  the  whole  success- 
fully centuries  before  the  little  red  schoolhouse  cane  into 
being  in  hi  rope  and  North  America. 


The  formal  schooling  of  western  lurope  and  rode rn  America 
grew  from  the  same  need  as  the  home  training  and  societies_of 
adolescents  of  the  ancient  tribes.    As  life  became  more  complex 
with  the  growth  of  reading  and  writing  and  science  and  mecha- 
nics, the  duties  of  the  school  became  more  onerous  and  time- 
consuming.    During  the  last  century  or  two,  with  the  upsurge 
of  science  and  the  industrial  revolution,  the  obligations  of 
the  school  became  overwhelming.     It  was  necessary  to  divide  the 
tasks  and  classify  the  studies.    Specialists  were  called  in  to 
teach  each  subject:    readings  figuring^  craf ts^  traditions  and 
m?I§ls,  foreign  languages,  the  fine  arts,  sciences  and  mechanics. 
^"^.Pf  tb^s_?ducation  was  given  in  the  home,  some  of  it  by 
priests  ^  special  buildings  called 

schools.  About  each  department  of  learning  grew  up  a  special 
profession  of  teachers  and  special  textbooks,  traditions ,  and 
feelings  of  prestige. 

Today  most  of  us  do  not  talk  about  the  sacredness  to   

education  of  any  given  subject.     hsteadP  witn  the  sane  direct- 
ness as  the  primitives,  we  are  trying  to  leach  what  members  of 
a  society  need  to  know. 


RURAL  SCHOOLS  AND  TIE  NATION 


What  happens  in  rural  schools  concerns  all  of  us.  If 
we  can  devise  good  educational  practices  anyw'here,  these  may 

be  expected  in  time  to  influence  the  whole  school  system.  To  

a  great  degree  the  future  citizens  of  cities  arc  being  educated 
in  rural  conmunitics.    Urban  populations  are  not  reproducing 


themselves,  and  rural  regions  arc  continuing  to  produce  surplus 
populations  which  arc  moving  into  cities; 

Ibw  then  can  we  plan  the  rural  school  so  that.it  will  give 
the  villager  what  he  needs  For  life  in  his  community  and  also 
for  Citizenship  in  the  modern  complex  worlr'?    The  problem  is  to 
give  him  the  basic  tools  of  laiowle'dg*  and  to  get  him  to  put 
these  tools  to  use  for  his  own  growth  and  for  the  imp  overrent 
of  the  community  i.i  which  he  lives. 


READING j  WTITIMC,  AND  ARITHMETIC 


No  ncrson  is  prepared  to  take  his  place  in  the  modern 
world  without  some  competence  in  reading,  writing,  and  arith- 
metic but  reitember  that  language  and  numbers  arc  tools  and 
not  ends  in  themselves.    The  chief  fault  in  the  teaching  of 
them  is  that  lessons  become  so  formalized  that  the  pupil 
scarcely  understands  why  he  is  learning.    Despite  the  great 
amount  of  time  devoted  to  these  primary  subjects,  ;  shocking 
number  of  children—especially  in  rural  regions --do  not 
acquire  even  an  elementary  knowledge  of  them. 

If  a  person  really  leams  to  read  and  puts  his  knowlerVc 
into  practice,  he  can  care  for  all  the  rest  of  his  academic 
education  by  his  own  efforts.    The  dificrcncc  between  educated 
and  uneducated  people  is  largely  tie  difference  in  the  range 
and  understanding  of  their  reading.    Abraham  Lincoln  was  one 
of  the  oest  educated  of  ren  despite  meager  schooling  because 
he  read  so  avidly.    Almost  all  of  the  subject  matter  of 
elementary  schools  may  be  regarded  as  practice  in  reading 
and  it  should  be  thought  of  not  as  something  to  be  had  from 
a  special  class  or  a  special  set  of  textbooks,  but  as  the 
means  of  mastery  of  all  the  subjects  and  projects  which  make 
up  life. 


COUNTRY  LIFE  AS  GENERAL  EDUCATION 


The  rural  pupil  should  be  acquainted  with  handcrafts  and 
the  processes  of  nature,  not  necessarily  as,  vocational  sub- 
jects  but  as  essential  tools  quite  as  general  in  their  use  as 
language  "or  arithmetic.    Ability  to  use  one's  hands  is  a 
fitting  supplement  to  ability  to  use  one's  wits.    Manual  arts 
rur  the  whole  gamut  from  homely  hand  labor  to  high  expression 
in  art  and  music.    Hand  skills  are  a  part  of  any  person's 
preparation  for  life.    Nature  study,  through  instruction  in 
gardening,  animal  husbandry,  and  health,  should  also  be 
stressed. 

Manual  dexterity  and  the  understanding  of  nature  are  so 
generalized  that  they  may  be  introduced  better  through  related 
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activities  than  through  formal  courses ;    School  lessons  attempted 
in' health  or  hygiene  have  proved  to  be  almost. as  deadly  as  the 
ills  they  were  supposed  to  correct* _  Stimulating  activities  in- 
volving manual  dexterity, arid  natural  processes  can  easily.be 
arranged  by  a  resourceful  teacher.    They  dp  not  require  elaborate 
or  expensive  equipment.    The  less  formal  the  equipment  the  better, 
since  the  aim  is  to  stir  upjhe  creative  inyulse  and  to  develop 
resourcefulness.    This  i^especially  true  for  rural  children 
whose  problem  often  is/to  create  utility  or  beauty  from  meager 
materials.  J 

If  true  educat/on  is  learning  from  doing  one  task  hov  to 
use  similar  processes  in  other  problems ,  then  hand  work  and 
activities  wirh  riajture  are  almost  necessarily  educational.  One 
can  scarcely  use  a/  saw  or  a  hammer  without^  realizing  that  it 
is  usable  for  many  ends;    using  clay,  clo'\  or  a  musical 
instrument  is  general  rather  th?tt  rote.    Similarly  in  the 
processes  of  nature  variety  rather  than  routine  is  the  rule. 
The  planting  of  Ja  school  garden^  f^>r_?yaiTTP?i?J_inv?^Y??  s9_ 
many  variables  /(seed,  soil,  fertilizer,  weather,  parasites) 
that  it  is  aijpost  impossible  for  it  to  become  routine. 

Thes^harid  and  nature  activities  tend  to  break  down  the 
rote  learning  of  other  subjects*    l\hen  a  child  sees  multipli- 
cation Wt  work  through  the  breeding  of  rabbits ,  he  cannot  keep 
from  realizing  th?  t  arithmetic  is  something  more  than  a  lesson. 
Reading  becomes  an  active  tddl-^not  simply  an  exercise --when 
it  is  used  in  finding  out  how  to  plant  flowers  or  cultivate 
vegetables.    Figuring  comes  alive  for  a  boy  when  he  Treasures 
off  3  garden  plot  or  computes  the  yield  from  seed  com. 

If  \ural  children  can  gain  some  competence  in  these  basic 
skills  and^  can  put  them  tc  active  use,  they  will  have  some 
preparation  for  happy  and  successful, .living; >__The  reason  these 
skills  are  [not  mastered  is  that  instead  of  generalized  study 
and  practice  of  a  few  broad  topics>  the  school  attempts  to 

cram  a  grea^  mul^itufe-of  lessons  _  intojthe^ri^f._da)^u  Sub-  — 

ffctsTare ^artificially  divided  into  fragments  which  are  re- 
hearsed in  tiny  sections.     b\  many  rural  schools  one  or  two 
teachers  rush  through  a  whole  day  made  up  of  lessons  of.  less 
than  IS  minutes  each.  _  No  wonder  that  teachers,  driven  by 
fantastic  schedules  of  rote  lessons,  fail  to  offer  real  edu- 
cation in  any  subject  or  that  children,  hurried  from  class  to 
class ,  come  to  regard  school  as  a  place  for  reciting  rather 
than  for  learning. 

All  this  may  seem  to  be  arguing  the  obvious.     It  is^ 
But  thousands  of  schools  today  are  not  attempting  to  give  any 
application  to  the  simplest  of  rout ine  skills.    Millions  of 
children  are  merely  learning  scholastic  tricks-- just  like 
parrots  or  trained  fleas. 
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SQIOOL  AND  SOCIETY 


The  school  today  has  one  other  significant  task;  Not  drily 
must  it  give  its  pupils  knowledge  and  skilly  it  must,  iri  some  way 
get  this  learning  into  practice  by  the _ children  arid  by  the.com-  • 
munity.  The  general  welfare  is  today  largely  a  question  of  edu- 
cation; Especially  in  rural  regions  the  school  is  often  the  only 
organized  social  force  abJe  to  exert  general  influence; 

In  this  new  world  of  science  and  democracy,  education  not 
only  has  to  encompass  new  realms  of  learning  but  also  has  to 
assume  much  of  the  social  responsibility  previously  cared  for  by 
the  church,  the  home,  and  other  constituted  authorities.    If  it 
were  possible  to  build  afresh  a  well-balanced  society*  the  desi- 
gners of  it  would  probably  hesitate  to  concentrate  so  nuch  res- 
ponsibility in  a  single  institution.    But  in  many  countries.stoday , 
and  especially  in  rural  areas,  there  is  no  other  institution  ^o 
which  wc  can  turn. 

in  health  education  the^lation  between  teaching  and  the 
practices  of  the  community  is  -immediate iy  apparent^for  health 
cannot  be  treated  as  an  individual  matter.    Hookwonns  can  be 
avoided  only  by  general  sanitary  facilities.    Typhoid 'is  spread 
bv  impure  water  or  bad  food,  no  matter  how  careful  each  indivi- 
dual tries  to  be.    Malaria  flies  on  the  wings  of  mosquitoes  from 
house  to  house  Unless'  swamps  are  drained  or  screens  carefully 
used.    Tuberculosis,  diphtheria,,  measles,  spread  from  person  to 
person.    Public  action  and  community  cooperation  are  necessary 
if  a  village  or  countryside  is  to  keep  well.    The  school,  as 
the  emissary  of  modern  knowledge,  is  the  natural  rallying  ground 
for  information  and  for  action  toward  better  health  for  the 
individual  and  for  the  neighborhood. 

Farming  is  another  example  of  the  natural  transition  from 
the  classroom  to  the  field.    The  processes  of  ..nature.  ;.abput  which 
the  child  learns  in  school  are  the  foundation  of  agriculture. 
The  verbal  learning  takes  effect  only  as  it  is  applied.  Of 
course  small  children  cannot  undertake  to  change  the  habits  of 
their  parents.    But  the  school  can  help  both  parents  and  chil- 
dren to  profit  from  modern  knowledge. 

The  school  may  become  the  focal  point  for  cooperative 
action  by  many  governmental  agencies—public  health,  home  demons- 
tration, farm  extension,  library  service.    Coordination  is 
badly  needed  in  these  nublic  services  which  mean  so  much  to 
rural  development  but  which  suffer 7 from  the  natural  tendency  of 
each  to  engage  busily  in  its  own  activities  without  regard. for 
the  work  of  the  others  or  the  general  needs  of  the  communities. 

°  The  community  is  the  practice  ground  for  the  school;  The 
school  succeeds  only  as  it  contributes  to  the  community  as  well 
as  to  the  skill  and  knowledge  of  individual  pupils. 
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CLIMATE 


TOMPERATUii  DISTRIBUTION 

The  distribution  of  temperature  over  the  world  and  its  varia- 
tions through  the  year  depend  primarily  btl  the  amcurit  and  distri- 
bution of  the  radikrit  energy  received  from  the  sun  in  different 
/regions.    This  in  turn  depends  mainly  on_ latitude  but  is  greatly 
.modified  bv  the  distribution  of  continents  and  oceans,  prevailing 
winds -9    oceanic  circulation,  topography,  and  other  factors • 

In  the  winter  of  the  Northern  ilenii sphere  the  poleward  tempe- 
rature gradient  (that  is,  the  rate  of  fail  in  temperature)  north 
of  latitude  15°  is  very  steep  over  the  interior  of  North  America, 
The  temperature  gradient  is  also  steep  toward  the  cold  pole  over 
Asia.    In  western  liurope ,  to  the  east  of  the  Atlantic  Ocean  and 
the  North  Atlantic  Drift,  arid  in  the  region  of  prevailing  wester- 
ly winds,  the  temperature  gradient  is  much  more  gradual.    In  the 
winter  of  the  Southern  Hemisphere  the  temperature  gradient  toward 
the  South  Tole  is  very  gradual  because  continental  effects  are 
largely  absent •  *  ■ 

In  the  summers  of  the  two^hemispheres--Juiy  in  the  north  and 
.January  in  the  "south  — the  temperature  gradients  poleward  are  very 
much  diminished  as  compared  with  those  during  the  winter,  , This 
is  especially  marked  over  middle  and  higher  northern  latitudes 
because  of  the  greater  warming  of  the*  extensive  interiors  of  North 
America  and  Lurasia  than  of  the  -smaller  land  areas  in  middle  and 
higher  southern  latitudes,  , 

DISTRIBUTION  OF  PRECIPITATION 

Whether  precipitation  occurs  as  rain  or  snow  or  in  the  rarer 
forms  of  hail  or  sleet  depends  largely  on  the  temperature  climate, 
which  may  be  influenced  more  by  elevation  than  by  latitude,  as  in 
the  case  of  the  perpetually  snow-capped  mountain  peaks  and  glaciers 
on -the  Equator-  in  both  South  yVncrica  and- Africa.  .......  '.  - 

The  quantity  of  precipitation  is  governed  by  the  amount  of 
water  vapor  in  the  air  and  the  nature  of  the  process  that  leads 
to  its  condensation  into  liquid  or  solid  form  through  cooling. 
Air  may  ascend  to  great  elevations  through  local  convection;  as 
in  thunderstorms  and  in  tropical  regions  generally;    it  may  be  . 
forced  up  over  topographical  elevations  across  the  prevailing 
wind  direction,  as  on  the  southern  or  windward  slopes  of  the 
Himalayas  in  the  path  of  the  southwest  monsoon  ofMndia^    or  it  r 
may  ascend  gradually  in  migratory  low-pressure  formations  such 
as  those  that  govern  the  main  features  gf  weather  in  the  United 
States*  >  * 

The  areas  of  heaviest  precipitation  are  generally  located  in 
tropical  regions  where , -  because  of  the  high  temperature,  the 
greatest  humidity  and  evaporation  occur- -although  drily  where  con- 
ditions favor  condensation  can  rainfall  occur.    Outstanding  ex^ 
ceptions  are  certain  regions  in  high  latitudes,  such  as  southern 
Alaska,  western  Norway,  arid  southern  Chile,  where  relatively  v^arm 
moist  winds  from  the  sea  undergo  forced  ascent  over  considerable 
elevations, 
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In  marked  contrast  to  the  rainy  regions  just  named  arc  the 
drv  polar  regions  where  the  humidity  is  always  vcrv  low  because 
of  the  low  temperature  and  very  limited  evaporation.;  The  dry 

areas  in  the  subtropical  belts  of  high  atmospheric  pressure  

Un.thc  vicinity  of  latitude  50°  on  all  continents,  and  especiai- 
„ly  from-  the  extreme  western  Sahara  over  a  broad,  somewhat  broken 
libit  to.  the  Desert  of  nphij ;  and  the  arid  strips  on  the  iee 
sides  of  mountains  on  whose  windward  slopes  precipitation  is  - 
heavy  to  excessive,  are  caused  by  conditions  which,  even  though 
the  temperature  may  be  hiyh,  are  unfavorable  to  the  condensa- 
tion of  whatever  water  vapor  mav  be  present  in  the  atmosphere. 

NORTH  AMLRICA 

North  America  is  near lv  all  within  middle  and  northern  lati- 
tudes.    It  has  a  larcc  central  area  in  which  the  continental type 
of  climate  with  marked  seasonal  temperature    extremes  is  to  bc^ 
found.     Its  western  coast  has  moderate  midsummer  temperatures  in 
marked  contrast  to  those  prevailing  in  the  interior  east  of  the 
mountains.    The  mild  midwinter  temperatures  in  the  coastal,  areas 
also  contrast  with  the  severe  conditions  from  the  Great  Lakes 
region  northward  and  northwestwards 

in  the  West  Indies,  Temperatures  arc  subtropical;    and  in 
Mexico  and  Central  America,  climatic  zones  depend  on  elevation, 
ranging  from  subtropical  to  temperate  in  the  higher  levels. 

The  prevailing  Westerly  wind  carries  the  continental  climate 
eastward  ov#f  the  United  States, so  that  the  region  of  maritime 
climate  airing  the  Atlantic  bcean  is  very  harrow. 

The  northern  areas  arc  very  cold;    but vt'he  midwinter  low 
temperatures  fail  far  short  of  the  records  set  in  the  cold-pole 
area  of  northeastern  Siberia,  where-  the  vast  extent  of  land  be- 
comes much  colder  than  the  partly  ice-covered  area  of  northern 
Canada. 

1'rom  the  Aleutian  Peninsula  to  northern  California  west  of 
the  crests  of  the  mountains ,  there  is  a  narrow  strip  where  annual 
precipitation  is  over  40  inches;    it  exceeds  100  inches  locally 
on  the  coast  of  British  Columbia.    Last  of  this  belt  there  is\an 
abrupt  decrease  -in  precipitation  to  less  than  20  inches  annually 
over  the  western  half  of  the  continent  from  lower  California 
northward,  and.  even  less  than  5  inches  in  parts  of  what  used  to 
be  called  the  'Treat  American  Desert,"  in  the  southwestern  part 
of  the  United  States. 

In  the  eastern  part  of  the  continent-- that  is,  from  the. south- 
eastern part*  of  the  United  States  northeastward  to  Newfoundland--, 
the  *  average  annual  frccipitation  is  more  than  40  inches.  Rainfall 
in  the  Uest  Indies,  southern  vfcxico,  and  Central  America  is 
^encraiiv  abundant.     It  is  verv  spotty -t  however,  varving  widely 
even  within,  shdrt  distances*  especially  from  the  windward  to  the 
leeward  sides  of  the  mountains. 
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SOUTH  AFRICA 


A  large  part  of  South  Ancfica  is  trop  ical .  _■  The  remaining 
-  rat he f "narrow  southern  portion  is  not  subject  to  the  extremes 
of  heat  and  cold  that  at e  f blind  where  wide  land  areas  ^ive  full 
swav  to  the  continental  climate  with  its  hot  sunners  and  cold 
winters,  as  in  North  America  and  Asia^  Temperature  anomalies 
for  a  3 iven  latitude  are  to  be  found  mainly  high  in  the  Andes 
from  the  Isthmus  of  Panama  to  Cape  Horn, 

The  Antarctic  Current  and  its  cool  Humboldt  branch  skirting 
the  western  shores  northward  to  the  Lquator ,  together  with  the 
prevailing  on-shbrc  winds ^  exert  a  strong  cooling  influence  over 
the  coastal  regions  of.  all  the  western  countries  of  South  America 

except  Colombia.    On  the  east  the  southerly  moving  Brazilian  

current  from  tropical  waters  has  the  opposite,  or  warming,  effect 
except  along  southern  Argentina, 

In  the  northern  countries  of  South  America  the  sharply  con- 
trasted dry  and  wet  seasons  are  related  to  the  regime  of  the  trade 
winds .     In  the  dry  season  (corresponding  to  winter  in  the  Northern 
Hemisphere)  these  winds  sweep  the  entire  region,  while  in  the  wet 
season  (corresponding  to  sUntner  in  the  Northern  Hemisphere)  calms 
and  variable  winds  prevail.     In  the  basin  of  the  Amazon  River  the 
rainfall  is  related  to  the  equatorial  belt  of  low  pressure  and  to 
?hejtrade  winds,  which  give  the  maximum  amounts  of  rainfall  in  the 
extreme  west,  where  they  ascend  the  Andean  slopes. 

The  desert  areas  on  the  west  coast  of  South  America,  extending 
from  the  Lquator  southward  to  the  latitude  of  Santiago,  are  due 
primarily  to  the  cold  .Humboldt  or  Peruvian  Current  and  upwcliing 
cold  coastal  water.    The  moist,  cccl  ocean  air  is  warmed  in  pass- 
ing in  over  the  land,  with  a  consequent  decrease  in  relative 
humidity,  so  that  the  dew  point  is  not  reached  and  condensation 
of  vapor  does  not  occur  until  the  incoming  air  has  reached  high 
elevations  in  the  Andes,  where  temperatures  are  very  much  lower 
than  along  the  coast; 

In  southern  Chile  the  summer  season  has  moderate  rainfall,  and 
winters  are  excessively  wet.    The  conditions  that  prevail  farther 
north  are  not  present  here,  and  condensation  of  moisture  from  the 
ocean  progresses  from  the  shores  up  to  the  crests  of  the  Andes;  By 
the  time  the  air  passes  these  elevations,  however,  the  moisture  has 
been  so  depleted  that^thc  winds  on  the  jecward  slopes  are  dry,  be- 
coming ^ore  and  more  so  as  they  are  warmed  on  reaching  lower  levels. 
The  mountains  can  be  looked  upon  as. casting  a  great  "rain  shadow"- - 
an  area  of  little  rain--over  southern  Argentina. 


^  EUROPE 

In  Lurope  there  is  no  extensive  north-south  mountain  system  such 
as  is  found  in  both  of  the  Americas,  and  the  general  east -west  direc- 
tion of  the  ranges  in  the  south  allows  the  conditions  in  the  maritime 
west  to  change  rather  gradually  toward  Asia.    Ccnerally  rainfall  is 
heaviest  on  the  western  coasts g  where  local ly  it  exceeds  bO  inches 

annua  My,  and  diminishes  toward  the  cast- -except  in  the  elevated  

Alpine  and  Caucasus  regibris--tb  less  than  20  inches  in  eastern  Russia 


There  is  a  well-defined  rain  shadow  in  Scandinavia,  with  over  60 
inches  of  rain  in  western  Norway  and  less  than  20  inches  in  eastern 
Sweden. 

Over  much  of  Europe  rainfall  is  both  abundant  and  .rather  evenly 
distributed  throughout  the  year.    The  chief  feature  of  seasonal 
distribution  Of  precipitation  isjthe  marked  winter  maximum  and  the 
extremely  dry,  even  droughty,  summers  in  most  of  the  Mediterranean 
lands . 

Isothermal  lines  have  the  general  direction  of  the  parallels  of 
latitude  except  in  winter,  when  the  waters  of  the  western  ocean, 
warmed  by  the  Gulf  Stream,  give  them  a  north-south  trend.  Generally 
there  are  no  marked  dips  in  isotherms  due  to  eievation_ and  conti- 
nental type  of  climate  such  as  are  found  in  North  America.  In 
Scandinavia,  however,  the  winter  map  shows  an  abrupt  fall  in  tempe- 
rature from  the  western  coast  of  Norwav  to  the  eastern  coast  of 
Sweden  and  thence  a  continued  fall  eastward,  under  a  type  of  exposure 
more  and  more  continental  in  contrast  to  the  oceanic  exposure  on  the 
west . 

ASIA 

The  vast  extent  of  Asia  gives  full  opportunity  for  continental 
conditions  to  deve lop  a  cold  area  of  high  barometric  pressure  in 
winter  and  a  low-pressure,  hot  area  in  summer,  the  former  northeast 
of  the  Himalayas  and  the  latter  stretching  widely  from  west  to  east 
in  the  latitude  of  northern  India.    These  distributions  of  pressure 
give  to  India  the  well-known  monsoon  seasons,  during  which  the  wind 
comes  from  one  direction  for  several  months,  and  also  affect  the 
yearly  distribution  of  rainfall  over  eastern  Asia. 

In  winter  the  air  circulation  is  outward  over  the  land  from  the 
cold  pole,  and  precipitation  is  very  light  over  the  entire  conti- 
nent.   In  summer,  on  the  contrary,  there  is  an  inflow  of  air  from 
the  oceans;    even  the  southeast  trade  winds  flow  across  the  Equator 
and  merge  into  the  southwest  monsoon  which  crosses  India.  This 
usually  produced  abundant  rain  over  most  of  that  country,  with  ex- 
cessively heavy  amounts  when  the  air  is  forced  to  rise,  even  to 
moderate  elevations,  in  its  passage  over  the  land.    At  Cherrapunj 1 
(4  455  feet) ,  on  the  sourthem  side  of  the  Khasi  Hills,  in  Assam, 
the  average  rainfall  in  a  winter  month  is  about  1  inch,  while  in 
•   both  June  and  Julv  it  is  approximately  100  inches.    However,  this 
heavv  summer  rainfall  meets  an  impassable  barrier  in  the  Himalaya 
Mountains,  while  the  much  lighter  summer  monsoon  rainfall  over 
japan  and  eastern  Asia  does  not  extend  far  into  China  because  of 
lesser  elevations.    Consequently,  while  the  southeast  quadrant  of 
Asia    including  the  East  Indies,  also  with  monsoon  winds,  has  heavy 
to  excessive  annual  rainfr.ll,  the  remainder  of  the  continent  is  dry, 
with  vr,st  areas  receiving  les*  than  10  inches  annually. 

North  of  the  Himalayas  the  low  plains  are  excessively  cold  in 
winter  and  temperatures  rise  rather  high  in  summer.    At  Verkhoyansk 
in  the  cold-pole  area,  and  north  of  the  Arctic  Circle,  the  mean 
temperature  in  January  is  about  -59"  F.  and  in  July  approximately 
p0°;    the  extreme  records  are  a  maximum  of  94  ,  from  readings  at 
1  p.m.,  and  a  minimum  of  -90°. 
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In  southwestern  Asia  the  winter  temperature  control  is  still  the 
interior  high-pressure  area,  and  temperatures  are  generally  low, 
especially  at  high  elevations;    in  summer  at  low  elevations  excessive- 
ly high  maxima  are  recorded -$  as$  for  example -9  in  the  Tigris-Euphrates 
Valley; 

AFRICA 

Africa,  like  South  America,  lies  very  largely  within  the  Tropics; 
arid  there ^  tooi  temperature  distribution  is  determined  mainly  by 
altitude,    ^toreover,  along  the  southern  portion  of  the  western  coast 
the  cool  Benguela  Current  moves  northward,  and  on  the  eastern  coast 
are  the  warm  tropical  currents  of  the  Indian  Ocean,  which  create  con- 
ditions closelv  paralleling  those  found  around  the  South  Arncrican 
Continent,     In  the  strictly  tropical  areas  of  Africa  conditions  arc 
characterized  b^  prevailing  low  barometric  pressure,  with  convectional 
rainfall  and  alternate  northward  and  southward  movement  of  the  heat 
equator,  while  in  both  the  north  and  the  south  the  ruling  influences 
arc  the  belts  of  high  barometric  pressure* 

Lxcept  in  the  Atlas  Mountains  in  the  northwest,  where  the  consi- 
derable elevations  set  up  a  barrier  in  the  path  of  the  trade  winds  and 
produce  moderate  rainfall ,  the  desert  conditions  typified  bv  the 
Sahara  extend  from  the  Atlantic  to  the  Red  Sea  and  from  the  Mediterra- 
nean southward  well  beyond  the  northern  Tropic  to  about  the  latitude 
of  southern  Arabia, 

South  of  the  Sahara,  rainfall  increases  rapidly,  becoming  abundant 
to  heavv  from  the  west  coast  to  the  central  lakes,  with  annual  maxima 
of  over  80  inches  in  the  regions  bordering  the  eastern  and  western  ex- 
tremes of  the  Guinea  coast."  This  marked  increase  in  precipitation  docs 
not  extend  to  the  eastern  portion  of  the  middle  region  of  the  conti- 
nent ,  where  the  annual  amounts  received  arc  below  40  inches  and  de- 
crease to  less  than  ID  inches  on  the  coasts  of  Somali  land.    Also  to 
the  south  of  the  central  rainy  area  there  is  a  rapid  fail  in  precipi- 
tation toward  the  arid  regions  of  Southwest  Africa,  where  conditions 
arc  similar  to  those  in  Scinaliland. 

The  heavv  rainfall  over  sections  of  Ethiopia  .from  June  to  October, 
when  more  than  40  inches  fail  and  bring  the  overflowing  of  the  other- 
wise arid  Nile  valicv,  is  one  of  the  earth's  outstanding  features  of 
seasonal  distribution  of  rainfall.    Moist  eauatorial  climate  is  typi- 
fied by  conditions  in  the  Belgian  Congo;    arid  torrid  climate  by  those 
of  Lgypt  and  the  Sahara;    and  moderate  plateau  climate  by  those  found 
in  parts  of  Ethiopia  and  the  British  possessions  to  the  southward. 

AUSTRALIA 

Because  of  the  location  of  Australia,  on  both  sides  of  the  south- 
ern Tropic,    temperatures  far  below  freezing  are  to  be  found  only  in 
a  small  part  of  the  continent,  in  the  south  at  high  elevations^  In 
the  arid  interior  extreme  maximum  temperatures  are  very  high,  ranking 
with  those  of  the  hottest  regions  of  the  earth. 
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CLIMATE  ASH  LIVESTOCK  PRODUCTION 


Although  climate  primarily  affects  animals  indirectly  through 
its  influence  on  the  quantity  and ^quality  of  the  plant  products, 
used  as  Feed,  it  also  affects  physiological  functions  involved  :h 
i-he  maintenance  of  normal  body  temperature  under  diverse  weathe*- 
cbnditions.    There  are  optimum  climatic  conditions  under,  which 
different  classes  of  livestock  will  develop  and  produce  best  witn- 
in  the  limits  of  their  inherent  capacity. 

With  few  exceptions,  the  types  of  farm  animals  in  the  United 
States  originated  oh  other .continents .    Vast  numbers  of  breeding 
stock  have  been  imported  from  the  Old  Ivor  Id  and  distributed  through- 
out this  country.    Through  trial  and  error  and  adjustment  of  types 
and  breeds  to  various  environments,  nutritional  planes,  and  economic 
conditions,  regional  distribution  01  domestic  types  and  breeds  is 
resulting  as  the  areas  adapted  to  each  type  become  better  defined. 


INDIRECT  ASP  OIRECT  EFFECTS  OF  CLIMATE 

The  rate  of  growth  from  birth  to  about  30  months  of  age  of 
beef  cattle  is  directly  influenced  by  seasonal  changes  in  weather 
due  to  their  effects  on  fasturagc^    The  long  drought  characteristic 
of  manv  parts  of  the  Tropics  materially  reduces  milk  production  by 
areatlv  reducing  the  past arage  available  and  affecting  the  nutri- 
tive value  of  the  glasses.    When  dairy  cattle  arc  properly  fed 
during  the  drought  season  "here  is  no  appreciable  drop  in  produc- 
tion.   Climate  also  influences  the  production  of  dairy  cows  more 
directly..  Larger  eggs  are  produced  in  the  northern  than  in  the 
southern  latitudes  by  pullets  of  the  same  breed,  and  summer  eggs 
arc  smaller  than  winter  eggs  from  the  same  birds.     In  the  Philippines 
rainfall  also  influences  egg  production.    On  a  year-round  high  plane 
of  nutrition  maximum  production  is  attained  during  the  dry  season 
and  minimum  production  during  the  wet  season. 

Rainfall  is  also  an  important  factor  in  the  case  of  sheep,  it 
is  generally  recognized  that  the  'fcrinb  as  a  breed  is  not  naturally 
adaptable  to  moist  conditions.    On  the  other  hand A_ British  mutton 
breeds  thrive  best  in  a  mcist ,  cool  climate.    Apart  from  their 
effects  on  pasturage,  temperature  and  rainfall  have  a  pronounced 
effect  upon  the  distribution  and  development  of  the  British  breeds 
of  sheep.     In  England  the  denser  sheep  populations .are  found  in 
areas  with  20  to  40  inches  of  rainfall  annually.    In  South  Africa, 
the  best  wool-growing  areas  have  less  than  20  inches  of  rainfall 
and  the  production  of  fat  lambs  is  possible  onlv  in  areas  with  more 
than  3D. 

EFFECTS  OF  SEPARATE  CLIMATIC  FACTORS 

Climate  is  a  complex  thing,  including  such  factors  as  ^tempera- 
ture,  humidity,  atmospheric  pressure,  wind  velocities!  and  amount 
of  light.    Each  of  these  factors  affects  life  processes,  but  under 
natural  conditions  it  is  seldom  possible  to  determine  their  effects 
separately.    For  this  reason,  when  scientists. study  the  effects  of 
climatic  factors  thev  take  brie  at  a  time  and  trv  to  hold  aU  the 
other  factors  of  the  environment  constant,  varying  onlv  the  one 
under  invest  teat  ion.    Since  temperature  is  perhaps  the  most 
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important  climatic  factor  in  livestock  production!  and  certainly  the 
easiest  to  control  in  experiments,  considerable  work  has  been  done  on 
the  effects  of  temperature  bh  farm  animals. 

TLMPLRATURL 

if»lth  dairv  cattle,  as  the  atmospheric  temperature  increases  from 
40°  to  9SU  F".,  milk  production  gradually  drops  from  29  to  17  pounds 
a  dav.     i^urebied    Kuropcan  dairy  cattle  imported  into  the  Tropics 
produce,  on  balanced  rations,  onlv  56  percent  of  their  apparent  capg- 
citv.    The  optimum  stable  temperature  for  dairy  animals  is  about _5UW, 
lioistcin  cows  in  Singapore  in  an  air-condit ibhcu  barn  kept  at  70u 
produced  an  average  of  24  pounds  of  milk  a  dav  as  compared  with  a 
production  of  9  pounds  for  a  similar  group  in  an  open,  ventilated 
barn  exposed  to  tropical  temperature, 

High  atmospheric  temperatures  have  a  profound  effect  on  the  repro- 
ductive as  well  as  the  productive  efficiency  of  livestock.     In  the. 
experiment  just  cited,  58  percent  of  the  cows  in  the  air-conditioned 
barn  conceived  within  5  months  as  compared  with. only  25  percent  in 
the  ventilated  barn.    The  breeding  efficiency  of  males  in  particular 
is  affected  bv  high  temperatures.     Proved  (aged)  sires  at  the  south- 
ern experiment  stations  of  the  United  States  Department  of  Agriculture 
had  an  average  fertility  of  56  percent  while  those  in  the  western  and 
northern  stations  averaged  49  percent.    Sterility  during  the  hot 
months  of  a  large  percentage  of  bulls  of  the  exotic  (imported)  breeds 
in  South  Airica  is  attributed  to  the  high  temperature.    High  summer 
temperatures  lower  the  vitality  of  the  spermatozoa  in  the  ram  arid^ 
if  continued  several  weeks,  cause  degeneration  of  the  reproductive 
organs,  resulting  in  sterility*    These  researches  explain  in  p>art 
whv  breeding  is  seasonal  with  some  classes  of  livestock -9  especially 
sheep.     In  the  United  States  ewes  of  the  major  breeds  come  in  heat 
and  breed  during  October  and  November. 


LLVVIII  Of  I  JAY  AND  SllNLIQIT 

Length  of  daylight  also  affects  the  fertility  of  farm  animals, 
therebv'  influencing  the  breeding  season,     increased  fertility  hy 
the  use  oi   lights  in  poultry  houses  to  stimulate  production  during 
the  winter  months  when  davl ight  is  limited  and  egg. production  is 
normally  low  is  a  common  practice  on  the  commercial  poultry  farm, 
a  hen  cattle  are  movcU-Jirbm  the  shade  and  cxposcu  to  strong  sunlight 
on  a  summer  dav,  their  respiration  rate  and  hodv  temperature  rise, 
indicating  increased  di i !  icultv  in  disposing  of  body  heat.    This  is 
reflected  in  grazing  habits  ;_less  time  ^s  spent  grazing  in  an  open 
pasturc^on  a  brightj  calm  summer  day'than  on  an  overcast  day. 
Cattle  graze  more  on  bright  summer  days  with  a  gentle  breeze  than 
when  the  air  is  still.    European  types  of  cattle  arc  adopted  to 
certain  areas  in  Puerto  Rico  because  of  the  rather  constant  Caribbean 
trade  winds  there, 

e\T.°CQMlNr  CLIV  iIC  UISAUVAXTACfcS  BY  BRLLDIXH 

Some  of  the  ill  effect    of  high  temperature  and  humidity  can  be 
overcome  bv  clipping  but  the  lack  of  adaptability  of  certain  types 
of  animals  to  tropical  climatic  conditions,  as  evidenced  by 
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discomfort,  low  prbductiori  and  degeneration  in  type ,  can  best  be 
overcome  bv  breeding.    There  are  distinct  differences  between 
species  arid  breeds  in. ability  to  withstand  climatic  conditions. 
The  superior  adaptability  of  this  Brahman  (Zebu)  types  of  cattle 
to  tropical  climatic  conditions  is  being  utilized  in  various  ways. 
In  Jamaica  when  the  low  milk-producing  but  highly  adaptable  Mont- 
gomery (Sahiwal)  type  of  Zebu  was  crossed  with  European  dairy 
cattle,  the  offspring  were  frequently  much  better  producers  than 
their  parents^    Comparable  results  have  been  obtained  with  cross- 
bred beef  cattle  in  South  Africa,  Australia,  and  the  Gulf  coast 
region  of  the  United  States.    Cross  breeding  of  Brahman  with  stan- 
dard beef  breeds  for  resistance  to  subtropical  climatic  conditions 
has  been  a  general  practice  in  the  Gulf,  coast  region  for  more  than 
a  generation.    The  U.S.  has  developed  the  Bcefmaster  (Brahman, 

Hereford,  and  Shorthorn) ,    Brangus  (Brahman  and  Angus),  Charbray  

(Brahman  and  Charolaisc)  -9  arid  Santa  Gertrudis  (Brahman  and  Shorthorn) 

Improved  dairy  types  of  cattle  adaptable  to  tropical  and  sub- 
tropical climatic  conditions  are  being  developed  in  India  with  pure 
Brahman  (Zebu)  stock,  while  in  Brazil,  Jamaica,  and  the  Philippines 
new  Brahman -European  crossbred  types  are  appearing.    That  dairy 
strains  of  Brahman  cattle  have  not  been  used  in  the  continental 
United  States  to  improve  the  heat-resisting  ability  of  dairy  cattle 
in  the  South  is  due  partly  to  the  availability  of  the  Jerscv,  which 
possesses  more  heat  tolerance  than  some  of  the  other  breeds  in  the 
United  States.    T£sts  at  Jeariercttc#  La.,  show  that  this  breed  has 
a  heat  tolerance  somewhat  superior  to  the  one -quarter  Brahman, 
three-quarters  Angus  crossbred.    The  preponderance  of  Jersey-bred 
cattle  in  the  Southern  States  may  be  explained  on  this  basis. 

The  pig  under  domestication  is  usually  well  housed  and  therefore 
not  subjected  to  extreme  climatic  conditions  in  the  Temperate  Zone. 
However,  Texas  summer  temperatures  reduce  the  rate  of  gain  of  hogs. 
In  the  Philippines  a  riew  breed,  the  Berkjala^  a  cross  between  the 
Berkshire  and  the  native  Jalajala,  is  being  developed  as  a  lard- 
type  hog  to  resist  tropical  climatic  conditions. 

Parm  animals  usually  are  kept  in  an  artificial  environment. 
Much  of  the  success  *>f  the  livestock  industry  depends  upon  our 
ability  to  furnish  a  ravorable  environment  in  which  livestock  can 
develop  and  produce  to  the  limit . 

EFFECTS  OF  CLIMATIC  FACTORS  ON'  CROWINC  PLANTS 

Climate  largely  determines  the  type  of  vegetation  that  grows 
naturally  in  any  part  of  the  world  and  the  kinds  of  agricultural 
production  that  are  possible.    The  three  most  important  factors 
in  climate  frem  the  standpoint  of  plant  response  are  temperature, 
water  suppiv,  arid  light.    Temperature is  the  main  factor  that 
determines  where  native  species  or  crop  plants  can  be  grown  in 
rreat  belts  north  and  south  of  the  Equator.    Precipitation  or 
water  suppiv  is  the  most  important  factor  in  determining  the  dis- 
tribution of  nlants  and  crops  within  these  great  belts  of  somewhat 
similar  temperature  conditions.    Light  varies  greatly  in  intensity 
in  different  areas,  and  the  length  of  daily  illumination  varies 
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in  different  re r. ions  and  at  different  seasons  of  the  vear.    Both  light 
intensity  and  the  length  of  the  daily  illumination  period  profoundly 
affect  plant  behavior; 

Other  elements  of  climate  are  Less  important  fron  the  standpoint 
of  crop  production;    Kind  increases  the  water  requirement  of  plants. 
Hailstorms,  tornadoes  -9  or  hurricanes  may  destroy  crops  locally .  Near 
salt  writer,  the  salt  spray  may  he  destructive  to  rnany  forms  of  vegc- 
tat  ion. 

All  of  these  elements  of  climate  are  interrelated  in  their  effect 
on  the  plant  organism.    Temperature  and  light  affect  the  water  requi- 
rement.   The  aval lablc  moisture  supply  greatly  influences  the. effects 
of  high  temperatures  and  light  intensities,*  Although  these  elements 
of  climate  arc  discussed  separately,  the  reader  should  keep  in  mind 
that  the  plant  is  a  complicated  organism,  affecced  by  all_ factors  in 
its  environment,  nutritional  as  well  as  climatic,  and  that  these 
effects  are  usual ly  interrelated  in  plant, response .    The  following 

values  for  latitude*  longitude  -9  and  elevation  are  suggested  for  

determining  the  time  at  which  plants  of  the  same  species  will  flower: 

1.  For  each  degree  of  latitude  north  or  south  of  the  Lquator, 
flowering  is  retarded  4  calendar  days. 

2.  For  each  5  degrees  of  longitude.,  from  cast  to  west  on  land 
areas,  flowering  is  advanced  4  calendar  days. 

3.  For  each  400-foot  increase  in  altitude,  flowering  is  retarded 
4  calendar  days . 

TLMPLRATUIU;  AND  PLANT  CROWD  I 

Temperature  influences  every  chemical  and  physical  process  con- 
nected with  plants--soiubiiity  of  minerals;    absorption  of  water, 
fases,  and  mineral  nutrients;  diffusion;    synthesis,  growth  and 
reproduction.    Thus  temperatures  delimit  the  areas  of  successful 
production  of  most  agricultural  crops.    Such  well-defined  areas 
as  the  Cotton  Belt,  the  Corn  belt,  the  winter  and  spring  wheat  areas, 
and  the  Michigan  fruit  belt, arc  determined  essentially  bv  tempera- 
tures.   This  limiting  influence  on  crop  distribution  results 
primarilv  from  (1)  too  short  a  period  of  favorable  temperature  for 
crop  maturity;     (2)  unfavorably  high  or  unfavorably  low  •growing- 
season  temperatures  for  proper  development  of  the  crop;     (3J  occur- 
ence of  temperatures,  either  high  or  low,  that  cause  injury  or 
death  to  growing  plants;     (4)  winter  temperature  conditions  that 
injure  or  'kill  dormant  plants;    and  (5)  temperature  conditions 
particularly  favorable  to  the  development  of  injurious  dijscases 
or  insect  pests . 

In  its  evolution  the  plant  kingdom  has  become  adapted  to  a  wide 
range  of  temperatures.    There  are  few  places  on  earth  too  hot  or 
too  cold  to  sustain  some  form  of  plant  life.    Certain  blue -green 
algae  thrive  in  hot  springs  where  the  water  is  constantlv  near  the 
boiling  point.    Plants  of  arctic  regions  survive, where  winter 
temperatures  reach  -90°  F.    Many  plants  can  adapt  themselves  to 
rrcat  extremes  of  temperature  by  entering  resting  stages.  Dormant 
trees  that  withstand  -65°  F.  in  winter  are  killed  when  they  are  in 
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summer  growing  cbriclitibh  hv  temperatures  a  few  degrees  below  freezing \ 
Dried  seeds  and  spores  withstand  temperatures  of  liquid  air  and  liquid 
oxygen.    Spore  stages  of  certain  fungi  can  survive  temperatures  up  to 

i3tr  E;  (26bw  l\Ji 

The  temperature  range  within  which  growth  takes  place  is  much  ^ 
norc  limited  than  that  within  which  plants  in  inactive  stages  can- 
survive.    vferitibn  has  already  been  made  of  the  hot-springs  aigae 
that  grow  at  temperatures  of  about  930w  C.  (199*4°  _FO_i^Hj  the  other., 
extreme  are  fungi  that' develop  in  cold  storage  at  about  -6U  C.  £21.2  P.) 
and  certain  marine  algae  that  complete  their  1  if    cycle  in  sea  water 
below  0W  C.  (32°  F.) .    These,  however,  are  exceptional  cases,  interest- 
ing because  they  show  the  enormous  adaptability  of  plant  protoplasm, 
iiv  'far  the  greater  number  of  both  higher  arte  lower  plants  arc  capable 
of  carrying  on  growth  only  within  a  canp^tat ivcly  narrow  range,  from 
about  0W  C"  (32*  F.)  to  about  50v  C.  (1^2°  F.) • 

For  each  species  and  variety  there  is  a  minimum  and  max imun 
growth  temperature.    Between  the^f  limits  there  is  an  optimum  tempe- 
rature at  which  growth  proceeds/with  greatest  rapidity*    These  three 
points  are  called  the  cardinal  growth  temperatures.    At  the  minimum 
point  growth  proceeds  very  slowly.    From  somewhat  above  the  minimum 
to  the  optimum,  the  rate  y&  growth  follows  van^t  lioff's  law;    that  is 

to  sav,  for  everv  10°       (18*  F.)  rise  in  temperature  the  rate  of   

growth  approximate ly^doubles.    Above  the  optimum,  the  growth  rate  falls 
off  rapidly  until  it  stops.    Thus  the  optimum  and  max imun  points  arc 
closer  together ^Kan  are  the  optimum  and  minimum. 

These  cardinal  growth  temperatures  varv  considerably  among  the 
different  kinds  of  plants.    With  typic3l_cool-season  crops ,  such  as 
oats,  rve"f  wheat ,  and  barley,  these  points  are  all  comparatively  low-- 
minimuT  0  -50°  C.  (32°-41°  F.U  optimum  2S°-31°  C.  (77b-87    F.j,  and 
maximum  31°-37°  C.  (S7.8°-98.6*  F.) .    For  hot-season  crops,  such  as 
melons  and  sorghums,  the  temperatures  are  much  higher- -minimum 
15w-18°  C.  (59*-64.4°  F.).  opt imun  31°-37°  C.  (87.8°-98.6°  F.),  and 
maximum  44°-50°  C.  (111.2-122°  F.) .    However,,  there  are  other  crops 
such  as  hemp  that  embrace  the  whole  range  of  growth  temperatures, 
having  the  minimum  of  the  cooi-seasori  crops  and  the  maximum  of  the 
hot -season  crops.    The  cardinal  temperatures  for  growth  may  vary 
considerably  with  the  stages  of  plant  development,  such  as  germina- 
tion, seedling  stage^  and  maturity.    Thus  seed lings  often  have  lower 
temperature  requirements  than  plants  in  later  stages* 

The  opt imun  temperature  that  produces  the  highest  growth  rate  is 
hot  necessarilvthe  most  favorable  for  the  general  welfare  of  the 
plant  and  is  often  undesirable  from  an  agricultural  standpoint.  Too- 
rapid  growth  mav  delay  or  entirely  prevent  fruiting;    it  may  produce 
plants  that  are  structurally  weak,  susceptible  to  disease  or  insect 
attacks,  and  subject  to  damage  by  wind,  hail,  or  other  climatic 
influences.    However,  wide  departures  from  the  optimum  will  so  reduce 
growth  as  to  make-  production  unprofitable. 

Temperature  requirements  for  the  same  variety  of  plant  vary 
greatly  under  different  growing  conditions.    The  greater  light  dura- 
tion during  the  summer  in  more  northern  latitudes  may  partly  compen- 
sate for  llss  heat.    Thus,  while  plants  may  be  classed  as  .requiring 
much,  moderate,  or  little  total  heat,  a  definite  number  of  degree- 
hours  or  degree -days  does  not  result  in  similar  development  under 
widely- Varying  conditions. 
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Unlike  wanti-blooiled  animaiSj  plants  have  no  niechariism  fbr.cQri- 
trbllirig  temperature  independent  of  environment  or  for  maintaining 
a  uniform  temperature  throughout  the  organism*    Plant  parts  have 
approximately  the  same  temperature  as  their  surroundings . 

EFFUCTS  er  bOW  TI5IPERATURES 

Wherever  freezing  temperatures  occur,  plants  are  in. danger  of 
frcst  injurv.    There  are,  however,  many  habits  and  modifications  by 
which  they  are  able  to  survive  in  regions  having  temperatures  at  or 
below  the  freezing  point.  .Tender  annuals  escape  freezing  by  com- 
pleting their  life  cycle,  from  seed  to  seedj  during  the  period  between 
frosts.    Herbaceous  perennials  die  back  to  the  ground  but  maintain 
life  in  underground  organs - -roots ,  bulbs,  tubers,  or  rhizomes- -which 
produce  new  tbps  when  temperatures  are  favorable*    Beneath  the  soil 
these  organs  are  either  entirely  protected  from  freezing  or  subiected 
to  much  less  cold  than  aeriai  parts.    Coverings  of  snow  or  leaves 
also  afford  protection  from  low  temperatures,  and  many  low-growing 
half-hardy  plants  are  able  to  survive  in  cold  regions  because  of  such 
covering  during  periods  of  extreme  cold.    Natural  protection  is  fre- 
auent ly'suppiemented  in  farming  by  such  practices  as  mulching. 

Cold-hardy  plants  have  the  ability  to  develop  cold  resistance  with- 
in their  tissues.    The  degree  of  resistance  varies  with  different  _ 
species  and  varieties.    Some  herbaceous  typess  such  as  cabbage,  with- 
stand ice  formation  in  their  leaves  but  are  killed  by  winter  tempera- 
tures in  the  colder  parts  of  the  country.    Hardy  wood  plants -trees ,_ 
shrubs,  and  vines--that  endure  cold  winters  without  protection  develop 
the  greatest  degree  of  cold  resistance  among  higher  plants..    The  exact, 
nature  of  this  remarkable  physiological  adaptation  to  cold  is. still  un- 
known.   Within  limits,  it  is  possible  to  Secure  increased  resistance 
to  many  species  by  breeding. 

Manv  correlations  have  been  noted  between  cold  resistance  and 
certain  plant  characteristics!  such  as  structure  and  the  chemical  and 
physical  properties  of  the  cells.    None  of  these  factors,  however, 
seems  to  be  common  to  all  cold-hardy  plants  and  none  can  therefore  be 
regarded  as  the  causal  mechanism  of  cold  resistance.    The  exact  nature 
of  "cold  resistance,  as  well  as  the  mechanism  of  injury  from,  freezing  -9 
must  await  a  better  knowledge  of  the  structure  and  the  physiology  of 
plant  protoplasm. 

Bark,  bud  scales,  and  hairy  coatings,  often  regarded  by  enthusias- 
tic amateur  naturalists  as  a  means  of  keeping  the  plant  warm^  actually 
have  little  value  in  protecting  it  from  cold.    At  best  such  coverings 
only  slightly  retard  the  rate  of  temperature  fall,  and  the  plant  soon  ; 
canes  to  equilibrium  with  the  temperature  surrounding  it. 

In  their  efforts  to  extend  production  into  colder  regions,  farmers 
and  gardeners  have  persistently  carried  plants  beyond  the  temperature 
range  to  which  they  are  naturally  adapted^    Consequently,  cold  injury 
is  common  in  cultivated  plants.    Since  frost  occurs  in  practically 
every  part  of  the  continental  United  States,  low- temperature  injury 
is  an  agricultural  problem  of  the  entire  country,  arid  none  of  our  agri-' 
cultural  areas  are  entirely  Free  Fran  this  hazard.  - 

The  nature  of  freezing  damage  to  crops  varies  iri_ different  regions 
and  with  the  different  kinds  of  crop  plants.     In  winter-garden  sections 
frosts  mav  kill  outright  fields  of  tender  crops,  such  as  beans,  melons j 
and  tomatoes i    Subtropical -fruit  districts  may  experience  winter  frosts 
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that  freeze  and  ruin  green  or  ripening  fruit  oh  the  trees .__With 
more  severe  freezing,  the  leaves  and  even  the  trees  are  id-Lied. 

c     Orer  much  of  the  United  States  late-spring  frosts  constitute  a 
major  hazard  of  plant  production.    They  may  damage  or  kill  young  plants 
of  corn,  flax,  potatoes,  cotton,  tender  garden  vegetables,  and  even 
seedlings  of  such  comparatively  hardy  crops  as  wheat  ai^  alfalfa i  Plants 
such  as  tomatoes*  which_are  iwnhaily  tramplanted  into  the  fields,  are 
usually  started  in  the  South  or  uwler  glass  to  escape  the  frosty  hazard* 
Deciduous  fruits  and  nuts  suffer  damage^to  opening  tads,  flowers *  or 
young  fruit,  often  to  the  extent^f  completely  destroying  the  crop. 
Flowers shoots,  arri  leaves  of  ornamental  trees^  shrubs>  arid  perjnnials 
may  be  ictlifrd  or  dsraged  so  that  their  esthetic Rvalue  is  largely  lost 
for  the  oeason*    Forest  ti^es  euffer  damage  from  late  spring  frosts 
through  destruction  of  the  seed  crop,  killing  bacfc  or  injury  of  i  jw 
growth^  and  development  of  frost  rings  in  the  wood,  which  later  yields 
lumber  of  inferior  quality. 

Plants  oyerwinteringJLn  cold  regions  are  subject  to  vsricws  types 
and  degrees  of  ooidtejurys    Since  hot  all  parts ^  organs,. or  tissues  art 
equally  cold -resistant,  one  port  may  be  killed  or  badly  injured  while 
another  is  undamaged >    For  this  reason,  plants  apparently  hopelessly 

injured  by  cold  often  make  a  surprising  recovery.    On  the  other  hand,  

the  effects  of  winter  injury  are  not  riw^s  iiamsdiately  evident i  Injured 
trees  or  branohes  may  suddenly  wither  and  die  af^r  opening  their  bids, 
or  they  may  flourish  until  summer and  even  fiower_and  fruit  before  dying* 
Injury  to  roots  or  interference  with  the  conducting  system  by  bxcretioris 
or  outgrowths  from  cold-injured  tissue  in  the  wood  may  be  the  cause  61 
such  surprising  behavior. 

Winter  injury  to  herbaceous  plants  may  consist  in  complete  killing, 
as  frequently  happens  with  winter  wheat,  grasses,  aifalfa,  clover, 
strawberries*  and  rtary  brrianehtal  perennials^    Less  severe  cold  may  kill 
buds  or  injure  crowns  or  roots,  as  is  common  with  alfalfa  and  strawberries • 

Woody-  plants  may  have  terminals  killed  bacic^  and  with  iwer  temperatures 
Rilling  may  extend  to  the  snow  cover  or  to  the  ground*    Injury  to  certain 
tissues  or  internal  structures  of  woody  stems  is  cbrarnbi^ahct  is  generally 
recognizable  by  discoloration  of  the  affected  part.    "Black  heart"  is  an 
extreme  case  of  such  injury  prevalent  ih'cpld  regions,  in  which  pith  arxi 
often  one  or  more  annual  rings  of  wood  will  be  dark-colored.    The  cambium--, 

the  region  between  the  wood  and  bark*  where  new  wood  and  bark  cells  are  

formed— is  usually  one  of  the  most  cold-resistant  parts  of  a  dormant  stem 
and  often  remains  uninjured,  later  laying  down  new  rings  of  sound  wood 
outside  the  discolored  layers. 

Roots  are  sometimes  killed  or  injured  even  thourh  \he  top  is  un- 
banned.   uardv  fruit  or  nut  varieties  bu^ei  or  grafted  on  tender  root- 
stocks  are  lively  to  suffer  from  root  *illinr.     'inter  killinr  o*  .lower 
buds  is  common  in  many  parts  of  t>is  conn  try,  particularly  on  such  crops 
as  Deach,  cherry,  SSd  almond.    It  also  occurs  on  ^ole,  pe^r,  and  m?ny 
ornamental  plants.    Local  killinr  of  the_bark  occu-  on  trees  at  c^tch- 
es    at  the  base  of  the  trun1^  and  in  p-tches  v-rtoirslv  located  on  bran.n- 
es'and  trunV.    Frost  cracks  and  splitting  and  loosen <hf  of  bark  are  me- 
chanical injuries  to  tre?s  resulting  from  f reezinf . 
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Sunscald  is  a  cold  injury  occurring  on  the  south  and  west  sides  of 
tree  trunks  and  branches.    In  cold  weather ,  sunlight  falling  directly  on 
the  bark  may. warm  it  several  decrees _ above  shaded  parts.    At  sunset  the 
temperature  drops  suddenly,  and  killing,  of  the  bark  results  either  from 
the  rapid  fall  in  temperature  or  from  freezing  of  tissues  temporarily 
started  iritb  growth  by  the  heating  effect  of  the  suni    Such  practices  aa 
J  shading  or  wrapping  the  trunk  or  whitewashing  to  reduce  absorption  of 
'   heat  from  the  winter  sun  reduce  the  sunscald  type  of  injury. 

Indirect  effects  of  low  temperatures  on  overwintering  plants  are 
heaving  of  soil*  resulting  in  breakage  or  exposure  of.  roots;  the  smother- 
ing effect  of  ice  sheets;  and  broakinp  of  trees  and  shrubs  by  snow  and 
sleet. 

Deleterious  effects  may  result  when  plants  are  subjected  to  low  tem- 
peratures above  freezing.    Prowth_is  slowed  down,  elongation  is  reduced, 
and  plants  become  dwarfed  and  more  compact  in  habiti  Definite [  injuries 
result  from  chiiiinp  many  typically  warm-climate  plants.     ixDosure  of  a 
day  or  two  at  temperate es _-f rom  slightly  above  0°  C.  (32°  F.)  to  10°  C. 
r$0°         may  result  in  yellowing  of  foliage,  dead  areas  in  the  leaves, 
the  dropping  of  leaves,  and  even  the  death  of  the  plant. 

Not  all  low-temperature  effects  are  harmful*    Many  plants,  including 
all  of  our  deciduous  fruit  trees,  have  a  "rest  period,"  during  which  no 
growth  takes  place,  even  when  ail  extemal  c onditions  are  favorable  for 
growth.    Shoots  of  woody  plants,  seeds,  bulbs,  tubers,  and  crown  buds  may 
e:±ibit  this  phenomenon.    Some  rather  drastic  treatments,  by  cold1  chem- 
ical vanors,  or  heat,  are  necessary  to  break  this  rent.    Gold  is  the 
natural' me an3  of  accomplishing  this  result.    Seed  stratification,  cold 
storage  of  bulbs,  and  chilling  of  rhubarb  roots  and  flowering  stems  of 
lilac  and  other  woody  plants  before  forcing  are  commercially  applied  to 
break  the  rest  period. 

eertain  plant?  seem  to  require  a  period  of  low  temperature  during 
germination  and  early  seedling  stafes  in  order  that  later  stages  of  de- 
veiopwrit  may  be  normal.    Winter  wheat  sown  in  spring  does  not  head;  but 
if  the  seed  is  partly  germinated  and  held  from  1  to  2  months  at  tempera- 
tures around  freezing   and  then  spring-sown,  a  crop  will  be  produced. 
lhie  method  of  shortening  the  vegetative  period  bikI  hastening  seed 
production  ie  called  vernalisation*    Many  cool-climate  plants  respond 
^favorably  to  this  treatment^  j 


EFFECTS  OF  HIGH  TEMPERATURES 


The  effects  of  high  temperatures  on  plants  are  difficult  to  separate 
from  th«  usually  accompanying  factors  of  high  light  intensity  and 
rapid  transpiration.    Above  the  optimum  growth  temperature  the  rata  of 
growth  drops  rapidly,  and  plants  become  dwarfed*    Temperate  Zone  plants 
under  tropical  conditions  tend  to  make  only  vegetative  growth  and  to 
fruit  sparingly  or  not  at  all.    Fruits  grown  where  summer  temperatures 
are  excessive  for  the  variety  ripen  their  crop  prematurely*  and  the  fruit 
is -poor  in  flavor,  color,  and  keeping  quality*    High  temperatures  cause 
in  certain  varieties  and  strains  pollen  abnormalities  that  result  in 
sterility  and  failure  to  produce  seed  or  fruit*    Heat  treatment  of  floral 


parte  is  used  ws  a  meaxi^ 

number  of  chromosomes)  in  plants.    Tissue  injuries  resultinr_from_hieh 
temperatures  may  kill  local  areas  oh  leaves^  as  in  tipburn  of  lettuce 
and  potatoes;  scald  fruits— such  as  jtrawberries  ard  gooseberries { 
discolor  and  cause  malformation  of  flowers^  la  in  early  blooming  chry- 
aanthemums  and  dahlias j  and  produce  heat  cankers  on  tender  plants  such 
as  flax,  ana  on  tSe  bark  of  fruit  trees.    General  effects  of  excessive 
heat  are  defoliation,  premature* dropping  of  fruits,  arti,  in  extraae  cases 
death  of  the  plant* 


WATER  SUPPLY  AND  PLANT  DEVELOPMENT 


Water  supply,  from  rainfall  or  irrigation,  ranks  with  temperature 
as  the  preat  determiner  of  where  plant  species  grow  naturally  or  can 
be  grown  agriculturally.,    Within  the  pre  at  belts  _of  similar  temperature 
conditions,  it  is  more  ImDO^tahti  than  any  other  factor  in  determining 
the  distribution  of  plant  species  and  agricultural  crops. 

P?i.?-iit*r  may  be  divided  into  three  great  groups  on  the  basis  of  the 

moisture  condition  ^to  jjrhlch  they  are  adapted:  (1)  'tydr oph vte s - -wa te r 

places  or  water-loving  plants;  (2)  mesopt:ytes--plarits  adapted  to 
mediuit  moisture  conditions;  and  (3)  xerophytes  —plants  able  to  survive 
under  conditions  of  extreme  moisture  shortage.  „ 

Hydrophytes  may  prow  entirely  under  water,  or,  more  frequently, 
with  part  of  the  plant  structure  above  water  or  floating  on  water. 
Plains  in  this  group  are  usually  large-celled  and  have  thin  cell  walls 
and  thin  epidermal  covering.    They  often  have  a  relatively  poorly  de- 
veloped root  system  tfcat  can  survive  in  the  absence  of  oxygen.  They 
have  relatively  little  protection  against  water  loss^  Among  important 
agricultural  crops*  lice'most  nearly  approaches  the  typical  hydrophyte . 
Such  crops  can  be  grown  only  where  water,  from  either  rainfall  or  Ir- 
rigation^ is  extremely  abundant. 

The  mesbphyteSj  requiring  a  medium  amount  of  water^  include  the 
greater  proportion  of  our  agricultural  crops.    Such  plants  need  mod- 
erate soil  moisture  and  also  good  aeration  around  their  roots,  as  the 
root  system  must  have  oxygen  for  development.    They  have  -moderately 
large  root  systems  in  proportion  to  the .tops.    Their  structures  are 
composed  of  medium-sized  cells  with  surface  covering  well  developed 
to  prevent  excessive  water  loss.    Stomata,  or  pores,  in  the  leaves 
usually  close  under  conditions  of  incipient  leaf  wilting.    Thus  the 
plants  are  moderately  well  protected  against  water  loss.  .. 

The  third  class >  xeropliytes,  includes  plants  highly  resistant  to 
drought  conditions.    Usually  their  structure  is  such  that  water  loss  is 
reduced  /bo  ?  minimum-- leaves  are  small,  all  epidermal  coverings  are 
thick  and  heavily  covered  with  waxy  material  (cutinized),  stomata  are 
small  and  are  frequently  set  In  .pits  instead  of  on  the  surface  of  the 
leaves,  and  cells  are  small  and  thlck-walled*    Much  of  the  true  xero- 
phytic  vegetation  has  large  root  systems.    Such  Flarfbs  usually  prow 
slowly  when  moisture  is  Available  but  are  highly  resistant  to 
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water  loss  and  can  survive  long  periods  of  drying.    Since  they  are  

generally  alow  growing*  they  are  not  of  great  importance  agriculturally. 
However,  the  native  xerb phytic  vegetation  of  arid  sections  provides 
some  feed  for  livestock  arid  is  important  in  reducing  soil  erosion; 


In  arid  regions,  in  addition  to  xerophytic  plants,  there  is 
usually  an  additional  flora  of  quickly  maturing  plants  that  grow  from 
seed  arid  produce  flowers  and  fruits  during  short  seasons  when  rainfall 
occur? •    The  seeds  then  remain  in  the  ground  until  moisture  Und  temper- 
ature conditions  are  again  favorable  for  growth.    Such  plants  are  raeso- 
phytic  in  type  and  develop  only  when  moisture  is  ample, 

A  plant  properly  classed  as  a  mesophyte  tends  to  assume  some  of  the 
characteristics  of  xerophytes  when  grown  with  a  shortage  of  moisture 
and  some  of  those  of  hydrophytes  under  conditions  of  abundant  moistures 
Thus  the  individual  plant  grown  with  abundant ;  moist ur^  will  generally 
havelcrger  leaves,  larger  cells ,  thinner  cell  walls,  and  less  highly 
developed  surface  coverings  than  plants  of  the  same  variety  or  species 
grown  under  conditions  of  deficient  water. 


THE  ROLF.  OF  WATER  IN  PLANTS 

Most  growing  plants  contain  much  more  water  than  ail  other  mate- 
rials combined.    C.  R.  Srries  has  suggested  that  it  is  as  proper  to 
term  the  plant  a  water  structure  as  to  call  a-  house  composed  mainly 
of  brick  a  brick  building.    Certain  it  is  that  all  essential  processes 
of  plant  growth  and  development  occur  in  water.    The  mineral  elerrvents 
from  the  soil  that  are  usable  by  the  plant  must  be  dissolved  in  the 
soil  solution  before  they  can  be  taken  into  the  root.    They  are  carried 
to  all  parts  of  the  growing  plant  and  are  built  into  essential  plant 
materials  while  in  a  dissolved  state.    The carbon  dioxide  from  the  air 
may  enter  the  leaf  as  a  gas  but  is  dissolved  in  water  in  the  leaf  before 
it  is  combined  with  a  part  of  the  water  to  form  simple  sugars— the 
base  material  from  which  the  plant  body  is  mainly _ built i_  Actively 
growing  plant  parts  are  generally  75  to  90  percent  water.  Structural 
parts  of  plants,  such  as  woody  stems  no  longer  actively  growing,  may 
have  much  less  water  than  growing  tissues., 

The  actual  amount  of  water  in  the  plant  at  any  one  time,  however, 
ia  only  an  infinitesimal  part  of  what  passes  through  it  during  its 
development.    The  processes  of  photosynthesis,  by  which  carbon  dioxide 
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arid  Water  are .combined --in  the  presence  of  chlorophyll  and  with 
energy  derived,  from  Iight--to  form  sugars,  require  that  carbon 
dioxide  from  the_air  enter. the  plant.    This  occurs  mainly  in  the 
leaves.    The  leaf  surface  is  not  solid  but  contains  great  numbers 
of  stomata,  or  pores,  through,  which  the  carbon  dioxide  enters.  The 
same  structure  that  permits  the  one  gas  to  enterrthe  leaf,  however^ 
permits  another  gas --water  vapor--to  be  lost  from  it#    Since  carbon 
dioxide  is  present  in  the  air  only  in  trace  quantities  (3  to  U  parts 
%h  10,000  parts  of  air)  and  water  vapor  is  near  saturation  in  the 
air  spaces  within  the  leaf  (at  80°_  F.  saturated  air  would  contain 
^    about  186  parts  of  water  vapor  in  10,000  parts  of  air),  the  total 
amount  of  water  vapor  lost  is  many  times  the  carbon  dioxide  intake. 
Actually,  because  of  wind  and  other  factors,  the  loss  of  water  iai 
proportion  to  carbon  dioxide  intake  may  be  even  greater  than  the 

relative  concentrations  of  the  two  gases .    Also,  not  all  of  the  

carbon  dioxide  that  enters  the  leaf  ia  Syi.thsaised  Into  carbohydrates. 

While. the  air  spaces  inside  the  leaf  are  normally  at  or  near 
saturation  in  plants  not  in  a  wilted  condit ion,  the  moisture  in  the 
air  surrounding  the  leaf  may  vary  from  full  saturation  to  as  low  as 
10 -percent  saturation.    The  drier  and  hotter  the  air  surrounding  the 
plant  in  general  the  more  rapid  the  water  loss  in  proportion' to 
carbon  dioxide  intake.    Thus  in  the  drier,  hotter  areas  the  total 

water  required  to  grow  a  plant  to  a  given  sise  will  be  greater  than  

in  areas  where  the  air  contains  greater  average  quantities  of  moisture. 
Also  water  loss  is  more  rapid  when  there  is  much  wind  than  on  a  still 
day  with  the  same  temperature  arid  humidity. 

Water  enteri  the  plant  primarily  through  the  root  system,  which 
in  most  plants^  at  least  thbsi. growing  in  a  medium  to  dry  environ- 
ment,^ usually  more  extensive  than  is  generally  realized.  Weaver 
arid  Clements,  in  Plant  Ecology  (one  of  the  sources  for  this  manual) 
state  that  com  in  open  soil  will  root  almost  as  deeply  ar  tne  height 
of  the  stalkj  that  the  roots  of  a  single  liina  bean  or _ cabbage  plant 
may  ramify  through  200  cubic  feet  of  soil;  and  that  many  grasses 
arid  legumes  have  roots  16  feet  deep  in  the  soil.    In  open  soils 
planted  to  such  crops  it  may  be  impossible  to  f  irsi  even  a  pubic  inch 
of  soil  in  the  upper  2  or  3  feet  that  is  not  penetrated  by*  roots. 

The  amount  of  moisture  that  the  soil  will  hold  against  the 
downward  force  of  gravity  is  termed  th*  "field  capacity"  and  varies 
in  general  with  the  fineness  of  the  particles  makinp  ^p  the  soil. 
The  moisture  is  held  in  the  so:U  a?  films  of  water ^uroYnd  the  soil 
particles,  and  the  total  amount  ht.ld  is  rouf.hlv  proportional  to  the 
total  amount  of  these  surfaces.    As  che  young  roots  penetrate  the 

soil  they  are  in  contact  with  these  moisture  films Asmd  the  water  

enters  them  largely  as  a  result  of  the  physical  process  called  osmosis. 
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Not  ail  the  water  in  the  soil,  however,  can  be  absorbed  by  the 
;  iant;     if  the  films  of  water  surrounding  each  soil  particle  become 
thin,  the  rate  of  capillary  flow  becomes  less  until  the  root  is  no 
longer  able  to  absorb  waters     if  this  condition  is  reached  in  much 
qF  the.  root  zone  the  plant  wilts^  because  water  is  lost  more  rapidly 
from  the  top  than.it  is  supplied  by  the  roots;    The  point  at  which 
the. roots  arc  rib.  longer  able  to  absorb  appreciable  moisture  from  the 
soil  is  termed  the  "wilting  percentage the  irioisturc  below  that 
point  being  unavailable  for  plant  use.    The  available  moisture  capa- 
city of  the  soil  is  the  amount  of  water  available  for  plant  use  that 
it  will  store,  or  the  amount  between  field  capacity  and  wilting  per- 
centage.    In  general,  the  moisture  content  at  the  wilting  percentage 
is  a  4ittie  less  than  h^if  that  of  field  capacity,  though  this  varies 
in  different  soils* 

The  amount  of  available  water  that  the  soil  will  hold  varies 
greatly  with  the  soil  texture  and  structure,    Thus  coarse ,  sandy 
soils  may  not  hold  more  than  half  an  inch  of  available  water. per 
foot  of  depth.    Moderate -textured  loam  soils  will  usually  hold  1*1/2 
to  2  inches  of  available  water  per  foot  of  depth ,  whi le  some  clay 
soils  will  hold  as  much  as  3  inches.    Thus  the  light,  coarse-texturec 
soils  that  hold  little  available  water  arc  known  as  droughty  and  arc 
of  value  agriculturally  only  under  conditions  of  very  frequent  and 
regular  rainfall  or  where  abundant  irrigation  water  is  available. 
On  the  other  hand,  soils  of  high  available  water-holding  capacity 
f rcouent lv  will  store  enough  water  to  mature  satisfactory  crops  even 
though  no  rainf al 1  occurs  during  the  period  of  crop  growth . 

The  most  critical  period  of  water  shortage  in  a  plant  is  when  it 
is  making  its  most  rapid  growth ,  or  when  eel  1  division  is  occurring 
most  rapidly.     In  crops  grown  for  their  seed,  the  most  critical  period 
i  s  likely  to  be  the  time  of  fcrti lization_  of  the  flowers ,  since  lack 
of  water  then  i s~ T ike  1^  seed      In  plants 

SFPb71  Pri^rilv  for  tbcir_le3Y?s_?n^_?ter71?i_?u?b_?s  the  forage  cropsA 
water  shortage  is  likely  to  reduce  production  more  during  the^  earlier 
stages  of  development  than  during  the  later  stages  before  harvest, 
'.vith  tree  fruits  such  as  cherries  and  peaches,  the  period  of  rapid 
growth  just  before  maturity  is  the  most  serious  in  '/'educing  production. 

In  perennial  plants ,  which  form  their  flower  buds  during  the 
season  preceding  that  in  which  the  buds  flower  and  fruit,  moderate 
water  shortage  tends  to  result  in  increased  fruit-bud  fonnation. 
Thus  seasons  of  moderate  water  shortage  usually  are  followed  by 
abundant  bloom  the  following  spring  in  many  fruit  and  forest  trees. 

Many  of  the  basic  farm  practices,  particularly  in  regions  of 
limited  rainfall ,  are  based  on  conservation  of  water.    Summer  fallow- 
ing is  primarily  to  secure  2  years1  rainfall  for  one  crop.  Con- 
touring and  mulching  arc  based  in  part  on  securing  penetration  into 
the  soil  of  all  water  that  falls.    Clean  tillage  of  cultivated  crops 
during  the  growing  season  removes  the  competition  of  weeds  for  water. 
Irrigation  is  supplying  water  to  plants  that  could  not  develop  properly 
without  it.    Finally,  much  has  been  accomplished  and  more  is  possible 
in  breeding  varieties  of  agricultural  plants  that  will  thrive  under 
conditions  of  limited  water  supply*  . 
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AT.RONCMY 


SOIIS  AND  TFTCIR  FLORA  AND  FAUNA 


There  are  many  different  sorts  of  soils  and  many  different  condi- 
tions of  soils.    The  first  cannot  be  altered,  the  second  can,  and  it  is 
the  farmers'  object  to  maintain  it  as  the  moat  acceptable  medium  for 
plant  growth. 

in  order  that  a  plant's  roots  may  thrive  they  need  moisture,  food, 
air,  warmth  and  anchorage.    An  ideal  soil,  then,  will  hold  and  conduct 
moisture,  contain  an  abundance  of  available  food,  permeated  with  an  ex- 
tensive network  of  cracks  and  channels,  yet  compact  to  aid  water  move- 
ment and  anchorage.    We  have  already  studied  the  plant's  food,  but  the 
remaining  items  are  mainly  bound  up  with  soil  structure. 

Natural  undisturbed  soils  consist  of  a  friable  surface  layer  filled 
with  a  mat  of  roots  perhaps  2  or  3  in.  thick  and  containing  a  quantity 
of  decaying  plant  remains.    Underneath  there  is  another  layer  of  crumbly 
earth  of  a  daric  colour  about  6  in.  thick,  but  in  which  the  crumbs  are 
all  fitted  compactly  together  like  a  Jig-saw,  being  separated  merely  by 
fine  cracks.    Fine  roots  penetrate  between  these  cracks  and  expand, 
eoueezing  the~plaatic  soil  crumbs  into  different  shapes  and,  at  the  same 
Unclosing  up  some  cracks  and  opening  others  so  that  a  constant  sup- 
ply of  fresh  feeding  surfaces  is  available  to  the  plant.. 

In  addition  to  these  cracks  there  are  the. larger  perforations  made 
chiefly  by  earth-worms,  more  especially  on  well-drained  but  moisture- 
retentive  soils.    These  form  the  main  conduits  for  the  access  of  air 
and  for  the  drainage  of  surplus  moisture.    Worm^are  constantly  f eeding 
on  soil  in  one  place  and  dumping  it,  in  a  more  finely  divided  and  mixed 
condition,  in  another; 

In  some  parts  of  the  world  there  are  no  earth-worms  to  provide 
drainage.    Such  places  have  long  dry  periods  so  that  waterlogging  is 
remote  in  any  case,    the  need  for  these  burr  owe,  therefore,  is  not 
great,  unless  long  wet  periods  intervene,  as  in  the  Tropics,  where  ants 
often  serve  the  same  purpose.    In  rather  dry  temperate  climates,  where 
microbial  activity  is  low,  a  fibrouE  type  of  organic  matter  accumulates 
at  the  surface  and  its  slow  decay  gives  a  finely  granulated  but  fairly 
well  aerated  soil—the  prairie  soil* 

Going  deeper,  the  cracks  become  fewer  but  larger,  so  that  the  in- 
dividual soil  crumbs  become  soil  blocks  with  more  or  less  vertical  di- 
visions formed  by  the  alternate  drying  and  shrinking,  and  wetting  and 
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expansion,  or  the  body  of  the  soil.  Down  these  cracks  the  plant  tap 

roots  go  in  their  search  for  moisture  and  often  for  minerals  also. 
The  worm-holes,  too,  become  fewer  bat^arger^  only  the^  large  worms 
are  found  below  9  ini,  the  great  majority  of  worms^  living  mainly  in 
the  top  6  in;    Disused  worm-holes  again  become  easy  passages  for  roots. 

These  larger  channels,  in  well -drained  loadty  soils  i  often  go  down 
6  ft. |  arid  many  of  our  crops  go  to  this  depth,  especially  root  crops 
and  others  possessing  tap  roots.    Roots  of  lucerne  in  some  dry  Ameri- 
can soils  have  been  found  at  30  ft.    There  is  seldom  any  need  for  roots 
to  travel  such  distances  for  moisture  in  this  country  except  on  shallow 
soils  overlying  fissured  rocks. 

Plants  use  a  lot  of  water  while  building  up  their  substance,  though 
only  about  f  to  1  per  cent  of  the  water  taken  up  is  actually  built  into 
the  sugars  and  other  materials  that  make  up  the  plant  body  or  used  in 
plant  processes •    The  remainder  is  evaporated  by  the  plant  through  its 
leaves  and  stems  during  transportation,  drawing  up  a  good  deal  of  nutri- 
ents from  the  root  at  the  same  time. 

It  has  been  found  that  a  plant  heeds  at_  least  20  gallons  of  water 
to  form  i  lb.  of  dry  weight,  arid  up  to  «0  gallons  in  dry  climates — in 
the  latter  case  simply  to  keep  the  plant  tissues  from  wilting  ursier  the 
intense  evaporation* 

The  water,  content  of  average  soils  on  a  rough  basis  is  the  equiva- 
lent of  about  1  in.  of  rain  for  every  foot  of  sandy  soil  and  2  in.  for 
every  foot  of  clay  soil^  with  loam  soils  taking  an  intermediate  position. 

There  are  a  variety  of  ^soils^  more  or  less_ extreme  cases,  with  high 
proportions  of  sand,  clay  or  silt.    A  loamy  soil  containing  about  U0 
per  cent  of  sand,  U0  per  cent  of  silt  arid  20  per  cent  of  clay  may  be 
taken  as  the  standard,  in  which  the  sand  and  silt _ particles  are  bound 
together  by  clay  to  form  the  small  soil  crumbs.    Only  clay,  of  the  min- 
eral constituents  has  this  binding  property— a  sort  of  gelatinous 
stic&ness  which  is  only  too;  obvicais  to  those  afflicted  with  clay  soil. 
Silt,  which  is  a  grade  of  soil  particles  intermediate  between  clay  arid 
sand  does  not  possess  this  stickiness.    For  that  reason^  it  dbes  riot 
hold  itself  together  in  cruSbs  but  easily  breaks  down  to  dust  or  mud 
with  cultivation,  and  In  wet  weather  effectively  se«kls  off  soil  pores 
with  the  possibility  of  suffocation  of  plant  roots. 

Sand  particj-osi  being  coarser  stilly  though  having  no  binding  pro- 
perties again,  i*iii  nevertheless  allow  air  to  penetrate  into  the  soil. 
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fhefa  Is  soraetiiSaa  a  danger,  however^  that  if  it  contains  a  propor- 
tion or  aiit  this  will  wash  down  and  accumulate  at  a  lower  layer, 
forming  a  kind  of  pan* 

All  these  extreme  types  hav^one  thing  in  common.    They  are  all 

improved,  cumulatively,  by  decaying  organic  matter.    They  are  im-   

proved  in  two  Ways.    Py  an  improvement  in  structure  and  an  Improve- 
ment in  water-holding  capacity.    This  is  brought  about  by  the  presence  - 
of  large  numbers  of  bacteria  and  fungi  and  their  remains,  which  are  of 
a  mucilaginous  or  gummy  nature.    This  helps  the  silt  and  sand  particles 
to  combine  into  crumbs.    Fungal  hyphae  have  a  similar  effect.    It  also 
permits  the  cracks  in  clay  soils  to  remain  open;  this  mucilage  being  of 
"a  much  less  sticky  material  than  the  clay  itself.    It  creates  lines  of 
weakness  between  the  clay  crumbs  and  blocks .    Unfortunately,  these 
effects  only  hold  as  long  as  the  micro-organisms  are  supplied  with  or- 
ganic matter.    A  good  soil  with  a  good  structure  is  one  that  will  work 
to  a  tilth  over  a  wide  range  of  moisture  conditions  without  the  indivi- 
dual crumbs  losing  their  entity  under  rain. 

Water -holding  capacity  ia  improved  in  two  ways :  by  the  presence 
Of  these  mucilaginous  materials  and,  in  the  case  of  clay  and  silt  soils,., 
by  the  formation  of  fine  cracks  which  hold  thin  films  of  moisture. 
Though  tha  relative  quantity  of  these  colloidal  materials  if  not  great 
they  can  hold  up  to  ten  times  their  bulk  of  water.    An  annual  dressing 
of  lk  tons  of  dung  per  acre,  over  many  years,  has  been  shown  to  increase 
the  water  content  of  the  top  9  in.  of  the  soil  by  about  a  third,  that 
is,  from  2  in.  to  about  2  3/U  in.    And  consequently  reducing  the  loss 
by  drainage,  as  the  following  figures  from  Rothamsted  show. 


Average  number  of  days  on  which  the  field  drains  were  running: 

Dunged  land  0.7  days   1     during  the  same  period 

Unduhged  land        19.5  days  I 
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PROVIDING  THE  FCOD 


It  remains  haw  to  discuss  the  mechanisms  by  which  those  crops  are 
produced* 

In  order  to  produce  good  crops,  plants  need  as teady  and  liberal 
release  of  nitrogenous  compounds^  potash,  and  phosphates^  ar>H 
other  necessary  adjuncts  to  the  plant's  health* 

All  this  is  providad^  under  natural  coSitionSj,  by  one  means, 
through  the  activity  of  soil  organisms*    These  in  turn  require  food, 
rnairtly  as  a  source  of  energy •    There  is  a  great  distinction  hsre~ 
the  plant  provides  its  own  energy  from  ;tight  and  often  some  to  spare 
for  symbiotic  organiste^    The  mtcro-org^jrisxn  has  to  find  its  energy 
requirements  direct  from  the  soil  particles  • 


The  need  of  soil  organisms  for  nitrogenous  materials  in  the 
s hape  of  dung  ,  and  so  forth^  has  been  stressed  to  the  point  of 
imbalance*    Certainly  they  need  nitrogen  (and  minerals) ,  but  they 
need  fifty  times  as  much  energy-providing  food*    We  give  them  ample 
roast  beef  bat  forget  their  bread  and  butter* 

 This  energy  supply  consists  of  carbohydrates  which  are  in  turn 

plant  remains,  plant  skeletons*    It  may  be  divided  into  various  frac- 
tions varying  slightly  in  their  chemical  constitution  arid  considerably 
in  their  rate  of  availability  as  food  to  tte  micro-organisra  •  The 
most  easily  used  fractions  are  sugar  and  Starch;  next  come  the  hend-cellu 
loses  and  celluloses  used  for  plant  skeletons  in  herbaceous  plants;  arid 
finally  the  lignins,  found  in  trees  and  other  hard,  woody  stems,  some- 
times to  the  extent  of  30-1*0  per  cent  of  the  total  carbohydrate .  Lignin, 
it  seems,  can  only  be  decomposed  ty  fungi,  whereas  the  first  two  groups 
can  be  utilized  by  bacteria  as  well.    These  materials  are  converted  to 
carbon  dioxide  with  the  evolution  of  energy;  indeed,  the  quantity  of 
carbon  dioxide  liberated  is  a  direct  indication  of  the  biological 
activity  of  the  soil  arid  consequently  of  its  current  fertility •  (But 
not  necessarily  of  its  total  or  potential  fertility^  except  tinder 
natural  conditions,  as  hioloeical  activity  can  be  stimilated  by  culti- 
vations, addition  of  nitrogen  arid  other  nutrients^  etc*} 

A  notable  point  of  the  natural  cycle  of  plant  growth  arid  decay  is 
its  economy  of  nutrients •    This  is  obvious  enough  in  tropical  climates 
where  fallen  leaves  arid  branches  decay  rapidly  arid  the  plant  foods  they 
contain  are  equally  rapidly  assimil;     d  by  the  surrounding  growth •  In 
most  temperate  climates,  where  most  of  the  rain  falls  In  autumrij  the 
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mildness  and  warmth  of  the  soil  at  this  time,  coupled  with  the  fact 
that  plants  can  no  longer  grow  very  much  on  account  of  th • 
of  light,  decay  and  nitrification  release  a  good  tfeal  of  nitrogen 
into  the  soil  which  is  in  danger  of  being  washed  away..  Intact, 
however!  it  is  at  this  time  of  year  that  the  fungi  come  into  their 
own  feeding  on  the  freshly-fallen  leaves  and  stems,  or  dead  passes, 
and  incorporating  this  free  nitrogen  into  their  protoplasm  where  it  is 
held  until  the  following  year.    Then,  with  a  diminution  in  food  supply 
and  alternate  droughts  and  rains  of  spring  and  summer,  much  of  this 
f unral  matSIal  die's  and  the  nutrient  is  absorbed  by  the  plants  again. 
Worms  alb  are  active  in  autumn  and  assist  by  dragging  plant  remains 
into  the  soil  or  feeding  on  then,  thus  rendering  them  more  suitable 
for  fungal  use.    It  would  seem  wise,  then,  to  imitate  Nature  by 
applying  undecoriposed  residues  to  the  soil  in  autumn. 

Bacteria,  of  course,  are  active  more  or  less  throughout  the 
year,  but  their  activities,  which  are  greatest  in  autumn,  would  be 
rather  in  a  secondary  capacity  after  the  plant  remains  had  been 
incorporated  with  the  soil  by  worms  and  fungi* 

*  soii  wen  supplied  with  organic  matter  arid  in  its  natural 
or  crumbs. 

The  ideal  situation  for  this  organic  matter,  it  seems,  is  as 
near  the  su-race  as  possible.    Here  again  evolution  can  provide  us 
with  a  clue.    Plant  and  animal  remains,  with  the  exception  of  P^it 
^at^i  animals,  -^^i:  "tX^trT 

rt\7eitLbry^SSupnwitK  fine^deTso^  particles  by  the  worm 
it  is  eitner  rii*^     y       j  —  rtii  furthef  breakdown  by  bacteria  and 

iSA of  It  S  aotea  S  b  these  ****  dlrecUy  -y^MS"" 
iungi,  ui  ^         n  *r  littPT-  are  ndist  and  shaded.    It  wiJ.1  De 

SSI  ^^  ^W^^^mi  » Plants, 
weather  when  plants  are  growing  qaicHy,  and  deer  -»^^|     ,  t 
M«B  cohSltSnf 3  delp  ploughing  and  artificial  Manuring. 
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 The  plant  and  aniraal  residues  are  put  into  a  F*rnu|rant3y  daitip 

atmosphere  at  the  bottom  of  the  furrow  with  a  varying  degree_bf 
aeration  according  to  the  depth  of  ploughing  awl  type  yofy  soil. 
Providing  the  soil  is  not  cql^  is 
immediate  and  rapid,  resulting  in  a  large  microbial  and  fungal  pop- 
ulation.   Providing  the  residues  contain  if  per  cent,  or  more  of 
nitrogen,  there  will  be  sufficient  of  this 'element  to  support  the 
plant  as  well  as  the  micro-organisms  •    But  alsb>  if  plenty  of 
nitrogen  is  present,  the  carbohydrates  in  the  organic  matter  will  be 
used  up  quickly,  giving  a  further  and  rapid  release  of  Strogen  on 
the  death  of  mi cro-organisms  by  starvation*    The  crop  may  be  able 
to  take  up  quickly  all  this  nitrogen,  but  generally,  as  will  be 
shown  in  a  moment,  excess  nitrogen  in  the  soil  is  liable  to  severe 
losses.    This  rapid  evolution  of  nitrogen  is  followed  subsequently 
by.  a  comparative  shortage  and  the  plant  may  starve  ii  not  already 
mature,  even  though  large  amounts  were  added  in  the  first  place. 
When  quickly  available  nitrogenous  fertilizers  or  dung  are  used  these 
effects  occur  even:  more  rapidly* 

.-  There  is  another  reason  why  the  organic  matter  should  be  left 
on  the  surface.    The  carbohydrate  of  plant  remains  is  converted  to 
humus  chiefly  by  fungi  and  to  a  comparatively  small  extent  by  bacteria. 
When  these  remains  arc  turned  under  by  the  plough  much  carbon  dioxide 
is  evolved  ty  bacterial  action,  which  in  turn  suppresses  the  fung±> 
so  that  carbon  dioxide  rather  than  humus  is  formed.  * 

There  are  two,  more  serious,  disadvantages  to  the  use  of  nitrogen- 
ous manures  not  generally  known— there  appears  to  be  no  discrimination 
here  between  the  inorganic  forms  and  the  organic  forms  of  concentrated 
nitrogenous  manure— such  as  dried  blood,  and  hoof  aixi  horn.  These 
difficulties  again  are  associated  only  with  present  methods  of  agri- 
culture . 

It  is  obvious  that  a  super abund ance  of  a  particular  kind  of  food 
will  result  in  a  rapid  increase  in  the  particular  kind  of  organism 
that  enjoys  that  food:    take,  for  example,  the  grpwth  of  yeast  in  a 
sugary  solution  or  the  prolificacy  of  rabbits  where  there  is  plenty 
of  winter  grass.    So  it  is  wteh  we*  add  nitrogenous  manures  to  the 
80il*    These  are  added  as,  or  are  soon  cover ted  into,  nitrates* 
Certain  organisms  can  obtain  both  body-building  materials  and  oxygen 
for  their  energy  by  breaking  down  nitrates— the  denitrifying  organisms . 
These  can  work  without  or  with  air,  but  more  commonly  without— so  the 
process  is  more  rapid  when  the  manures  are  turned  under  by  the  plough*  fl 
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thuv  destroy  the  nitrates  and  convert  them  to  atmospheric  nitrogen— 

SS S£n lost  to  the  plant.    Indeed,  the  fact  that  these  orgemsms 
«ln  work  under  any  conditions  seems  to  indicate  that  nitrates  have  a 
ISrt  2fr?n  thfsoil.    in  warm  weather  this  destruction  of  nitrogenous 
fertilizer  takes  two  to  three  weeks  under  suitably  moist  conditions, 
that  is  why  in  market  gardening  top  dressings  have  to  be  applied  at 
about  this  interval. 

Rothamsted  shew  how  an  application  tif.jJi  tons  per  acre  .of  dung 
(which  contains  a  particularly  high  proportion  of  ae nitrifying  organ- 
isms) to  the  acre  loses  70  per  cent  of  its  nitrogen,  while  U  cwt.  of 
sulphate  of  ammonia  annually  lost  60  per  cent.    The  higher  the  appli- 
cation the  greater  is  the  proportionate  loss. 

LOSS  OF  NITROGEN  FROM  A  CULTIVATED  SOIL. 

Broadbalk,  Rothamsted— U9  years ,  1065 -19 Hi 
As  lb.  per  acre  in  top  9  in* 

Farmyard  Complete 

Manure  Artificials 
Annually  including  b6  lb. 

rv  at  lU  tons     No        N.  as^ 

per  acre  Manure     of  Ammonia 

Annually 


N.  in  soil  in  1565— lb.  per  acre 

per  cent 

N.  in  soil  in  19ULi— lb.  per  acre 

per  cent 
Total  change  in  U9  years --lb. 
K.  added  in  manure,  seed  and 

rain— per  ahn. 
N.  removed  in  crop — per  ann. 
N.  retained  or  lost— per  arm. 
Vi  unaccounted  for— per  ann. 

This  loss  is  equivalent  to  three  crops  of  30  bushels  of  wheat 
annually.    Some  of  the  loss  may  be  due  to  leaching,  but  M  this  loss 
also  occurs  in  dry  climates  it  seems  unlikely  to  account  for  much  of 
it.  It  has  also  been  suggested  that  the  crop  plant  itself  breaks  down 
the  nitrates— but  there  does  not  seem  to  be  any  need  to  postulate 
such  a  view. 
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In  ^  own  exper±ei^e^  plots  of  land  receiving  large  quantities  of 
dung  and  artificals  for  three  years  in  succession  gave  no  support  to 
cabbage,  seed  sown  subsequently*    While  blackcurrant ^nd  other_crops 
needing  mxch  hitrbgeh  gave  very  satisfactory  crops  with  a  a»re  mulch 
of  straw  and  no  manure* 

The  best  we  can  manage,  when  using  concentrated  nitrogenous  nourish- 
meht  for  the  plant*  is  to  provide  a  rapidly  fluctuating  food  supply,  jery 
dependent  on  rain  for  its  solution  and  consequent  assindlation^  snd  with 
a  risk  of  scorching  the  roots  or  depriving  them  of  water  in  dry  weather* 
It  is  for  this  reason  that  these  crop  yields  vary  so  widely  from  year  to 
year* 


The  other  wasteful  effect  of  nitrogenous  manures  not  generally 
known  is  that  it  stirattates  bacteria,  including  the  nitrif^ring  and  de- 
nitrifying types ^  to  search  around  for  ary  possible  source  of  carbona- 
ceous matter  for  ei»rgy*  and  th^_^ll_decOB^ose  tbe  forms  of  rtuws 
(peaty  material)  which  are  normally  fairly  resistant  to  breakdown  and 
have  a  great  influence  oh  soil  structure*    It  is  this  effect  that  has, 
above  ail  others ^  given  artificial  manures  a  bad  ha»e  in  many  quarters — 
but  it  is  not  confined  to  artificial  mamrei*   We  have  the  curious 
anomaly  whereby  the  ploughing -in  of  a  succulent  green  crop  leaves  the 
soil  with  rather  less  organic  matter  than  before*  owing  to  the  fact  that 
it  contains  much  Strogen  (page  ^5  }.    Even  dung  almost  entirely  decoa- 
poses  itself,  as  can  be  seen  in  the  case  of  a  heap  of  manure  left  for 
twelve  months  on  a  paved  yard*    Ah  annual  application  of  1U  tons  per 
acre  is  Just  suf ficient  to  keep  the  organic  matter  at  an  economic  level 
and,  as  already  showhi  the  losses  of  hitrbgeh  are  enbnrioua*    If  only 
for  this  reason^  it  is  much  more  economic  to  compost .  dung  either  with 
fibrous  plant  residues  or  \ff  spreading  on  grassland,  (sheet  ccanposting) 
so  as  to  bring  the  proportion  of  nitrogen  to  about* 1§  per  cent  of  the 
carbohydrate*    Again*  this  effect  is  aggravated  toy  our  agricultural 
customs*    .   


When  ploughihg-ih  a  young  green  crop  of ,  sty,  Mustard  or  rye- 
grass, a  rapid  decomposition  and  release  of  plant  foods  takes  place 
which  unfortunately  is  completed  in  1-2  months  and  m^  be  followed  by 
starvation  of  the  plant*    So  the  plant  has  to  be  kept  going  with  top 
dressings^  hoping  for  rain  to_ render  them  effectives    Or  it  is  given 
a  heavy  dressing  of  artificials,  in  the  first, place,  in  the  hope  that 
it  will  see  the  crop  through---with  a  further  lbsl  of  organic  matter. 

The  above  wastages  take  place  when  the  dting  or=  green  crop  is 
picroghed  in  immediately  before  spring  sowing*    It  seems  more  usuai^ 
however,  to  plough  in  these  materials  in  autumn*    The  losses  of  hums 
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and  Strogenous  plant  foods  are  riwch  more  severe~the  period  of  _ 
maximum  nitrification  coincides  with  the  autumn  rains  ana  much  of 
the  soluble  mtrieht  is  washed  away*  We  are  faced  again  with  the 
necessity  of  a  spring  top  dressing* 

4, 

Supposing,  now,  the  crop  of  green  manure  is  allowed  to  become 
mature  and  woody,  and  ploughed  in.    The  proport±on_of  nitrogen,  ia  * 
much  less  than  1?  per  cent,  probably  more  like  £  per  cent*  AU_the 
available  nitrogen  in  the  soil  is  seized  by  the  microbes  to  build  up 
their  bodies  for  the  attack  on  the  celluloses  and  their  conversion  to 
humus.    The  crop  goes  shorty    Another^top  dressing  of  fertilizers  or 
basal  application  ploughed  in^  to  compensate*    There  is §  as  be fore i  a 
gradual  decay  and  consequent  release  of  plant  food  from  this  woody 
materials    Unfortunately^  the  crop  may  not  get  the  benefit^frbra  it 
until  late  in  the  season,  or  perhaps  not  at  ail.    The  deconpositibh 
may  be  completed  ty  the  onset  of  autumn  and  the  wet  weather  will  soon 
get  rid  of  the  hoped-for  benefit.    Ilowever^  under  the  present  system 
this  is  probably  the  best  that  can  be  achieved* * 

If y- however,  this  woody  material  had  been  left  on  or  near  the 
surface ,  uricro-organisms  would  not  have  been  able  to  attack  it  in 
entirety,  so  absorbing  all  the  soil  nitrogen,  as  it  would  not  have 
been  in  a  permanently  moist  condition.    It  would  also  have  provided 
the  surface  living  nitrogen-fixing  organisms  with  food  to  fix  some 
nitrogen  for  the  crop.    Thus-  by  ploughing  in  organic  matter,  not 
only  do  we  hot  gain  ary  nitrogen  but  we  also  lose  some  of  what  we  hadi 

The  losses  of  organic  matter  from  the  soil  in  spite  of  ploughing 
in  green-manure  crops  are  well  demons tr at ed  by  the  following  table. 
In  these  experiments  the  green  manure  was  sown  in  maize  in  the  third 
week  of  August,  and  ploughed  in  during  the  first  week  of  May  before 
sowing  the  maize,  over  a  i^riod  of  f ive  years.    

It  will  be  noted  that,  generally  speaking,  the  loss  of  humus  is 
least  where  about  a  ton  of  dry  matter,  with  a  nitrogen  content  of 
between  1»2  and  1*7  is  added.    Crimson  and  alsike  clovers,  giving  a. 
large  amount  of  dry  matter  but  of  a  soft  succulent  nature  high  in 
nitrogen,  cause  the  greatest  loss.    Winter  vetch*  on  the  other  hard, 
forms  a  large  weight  of  relatively  mature  tissue  on  account  of  the 
much  better  start  in  itt'e  provided  by  the  relatively  large  seed  reserve. 
Crop  yields j  not  surprisingly ^  correspond  with  the  amount  of  nitrogen 
added,  but  would  decline  over  a  long  period  where  the  soil  organic 
matter  was  not  maintained. 
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Weight 
of 
Plants 
ibi  per 
acre 


in 
Plants 
lb*  per 

acre_ 


annually  annually 


Weeds/ only  1,263  - 18  <-9 

Winter  Vetch  3,812  133*0 
Crimson 

Clover  3,OU8  92 -U 

Red  Clover  1,786  SO  -U 

Sweet  Clover  1,1j36  39*5 

Alsike  Clover  1,983  53-1 

Winter  Wheat  2,(389  3lrl 

Winter  Rye\  2,1*53  31-8 


toss  of 

Total 

Nitrogen 

...    .  .  

ihimus 

"  tS 

Jry 

Content 

Yields 

as  Car- 

Matter 

of. 

of 

bon  over 

Added 

r±aux.3 

X  id  X  4U  o 

vears . 

over 

:  per 

per 

as  per 

5  years 

cent 

cent 

cent  of 

tons 

Soil 

1-50 

100*0 

e«d8 

3-15 

3-U9 

127-8 

©•G2 

9-53 

3-03 

115-6 

©•10 

7-62 

2«82 

ilii-7 

©•©5 

2-75 

113-7 

©•07 

3-57 

2-68 

lOii-U 

0.11 

ij-96 

1-63 

99-7 

d-id 

5-22 

1-29 

95-3 

©•id 

6-15 

It  will  be  seen  that  the  accustomed  practice  of  repeatedly  plougliang 
in  young  |f een  crops  and  mowing  grass  orchards  to  'build  up  fertility1  is ^ 
in  fact,  doine  the  reverse — though  in  doing  so  it  is  stiinuiating  the  activity 
of  micro-organisms  in  the_sdil,  which  will  have  some  beneficial  effects  at 
the  timesi  VM  must  keep  clear  the  distinction  of.  'building  up  fertility1, 
i.e.  nitrogenous  humus  comoourids,  which  alsc*  preserve  ?oil  structure^ 
and  keeDing  up  a  nigh  level  of  bacterial  activity  for  some  specif ic  pur- 
pose, e.gf.  release  of  soil  minerals.    The  two  processes  a^e  largely  antag- 
onistic.   One  cannot  save  and  spend  until  one.  has  accumulated  some  capital. 

It  seems,  then,  that  the  more  nitrogen  used  the  faster  the  organic 
matter  is  used  up.  -  The  less  organic  matter,  the  poorer  the  soil  aera- 
tion j  the'  poorer  the  ^aeration,  the  deeper  one  must  plougjl^d  cultivate.  

The  deeper  -one-  Roughs ,xthe  more  nitrogen  must  be  used  in  an  attempt  to 
balance  the  activity  of  thev denitrifying  organisms. 
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SOIL  CUSSIFICiTION  AND  StJRVgS  / 


Soil  maps  are  a  teste  tool  for  selecting  asystem  of  aoiljruiri- 
agement.    The  maps  show  the  Jdn^s  bf^soil  in  a  field  and  farm-^essehtial 
knowledge  for  selecting  from  thi  vartoua  available  soil-»mahagement 
practices  the  combination  of  practices  jthat  is  beat  jiui  ted  to  the  soil 
and  to  the  resources,  skills,  and  desires  of  the  farmer  and  rancher. 

If  they  kno^the  effect  of  a  giyen^practice  on  a  field*  whose  kind 
of  soil  also  is  known,  they  ^an  foresee  tee  effect  of'  that  practice  oh 
other  fields  with  the  sans  Mod  of  so^i.    Just  as  the/  can  predict  the 
behavior  of  a  particular  variety  of  hybrid  corn*  ao  can  they  predict 
the  response  to  management  of ^  a  particular  soil* 

Soils  are  classified  and  hrnaedV Just  as  plants  and _ani»Sb8  are* 
Plants  are  identified  by  such  ctoacteristica  as  tto  structure  of  the 
flower  and  the  form  of  the  leaf  A  Soils  are  identified  by  such  char- 
acteristics as  the  kinds  and  numbers  of  horizons,  or  layers^  that  have 

developed  in  them.    The  texture  (the  relative,  amounts  of  atones^  \_  

gravel,  sand,  silt,  and  clay),  the  kinds  of  minerals  present  and  their 
amounts,  and  the  presence  of  salts  and  alkali  help  distinguish  the 
horizons. 

Host  of  the  characteristics  that  identify  soils  can  ta^eterminsd 
in  the  field •_  A  few  can  be  determined  only  in  the  laboratory,  tut 
even  ^thout\Nlabbratory  tests  you  often  can  get  an  accurate  knowledge 
of  tHim  from  standard  works  on  soils  ana  geology.    For  example,  [you 
can  estimate  the  amount  of  sard  in  a  soil  firom  its  feel  when  you  rub 
it  between  your  fingers ,  but  for  an  accurate  knowledge  you  would  have 
to  depend  oh  laboratory  analyses. 

_  Thetype  is  the  smallest  unit  in^ths i  natural  classification  of 
soils.  One  or  a  few  types  constitute  a  soil  series*  These  are  the 
common  classification  units  seen  on  soil  maps  and  survey  reports . 

A  soil  series  is  a  group  of  soils  that  have  horizons  that  are 
essentially  the  same  in  the  properties  used  to  identify  soils,  with 
the  exception  of  the  texture  of  tto  surface  soil  and  the  kinds  of 
layers  that  lie  below  what  is  considered  the  true  soil. 

The  names  of  soil  series  are  taken  from  the  towns  or  iocaitttes 
near  the  place  where  the  soils  were  first  defined. 


The  30II  type*  a  subdivision  of  "the  soil  ser±68i;is  based  on  the 
torture  of  the  surface  soil.    Stones,  gravel,  sand,  silt,  a»i  QlJ 
have  been  defined  as  having  the  following  diameters*    Gravel,  between 
"  0.08  inch  and  3  inches)  sand,  between  0.08  and  0*002  inchJ^ silt,  be- 
tween.0.002  and  0.00008  inch)  and  clay,  less  than  0*00000  inch. 

The  full  name  of  soil  type  includes  the^name  of  the  soil  series 
5  and  the  textural  class  of  the  surface  soil  equivalent  to  the  plow  layer- 
that  is,  the  upper  6  or  7  inches.    Thus,  if  the  surface  of an  area  of  . 
the  Fayette  series  is  a  silt  loam,  the  name  of  the  soil  type  is  "Fayette 
stlt  loam." 

The  soil  phase  is  not  a  part  of  the  natural  classification.    It  can 
be  a  sub-division  of  the  soil  type,  series,  or  one  of  the  higher  units 
in  the  classification.  * 

Phases  shown  on  soil  maps  cOMaonly  are  subdivisions  of  soil  types 
and  are  based  on  characteristics  of  the  soil  significant  to  its  use  for 
agri culture* 

Phases  shown  bh  large-scale  soil  maps  generally  have  reflected 
differences  in  s lope i  degree  of  erosion,  and storiiness,  bat  otter  bases 
for  defining  phases  include  drainage  and  flood  protection,  climate,  and 
the  presence  of  contrasting  layers  below  the  soil,    (a  comparable  sub- 
division in  the  classification  of  animals  might  be  classes  according 
to  their  age,  such  as  old  animals,  old  cows,  or  old  Holstein  cows*) 

,     The  legends  that  accompany  soil  maps  generally  include  such  names 
for  the  units  on  the  map,  as  "Sharpsburg  silly  clay  loam,  eroded 
rolling  phase,"  or  "Fayette  silt  loam,  0-1U  percent  slopes,  eroded*" 
Those  names  identify  the  soil  series,  the  soil. type,  and  the  phase. 
They  represent  names  of  the  most  specific  kinds  of  soil,  comparable  to 
the  name  of  a  practical  subdivision  of  a  variety  of  a  plant,  such  as 
old  Jonathan  apple  trees  * 

The  word  "Fayette"  in  the  second  soil  name  w?  mentioned  is  the 
name  of  the  soil  series*    This  name,  plus  the  words  "silt  loam,"  iden- 
tify the  soil  type,  and  the  phase  is  identified  by  the  words,  "o-Ut 
percent  slopes,  eroded*"    In  this  name,  the  word  "phase"  is  not  used 
but  is  understood* 

Higher  units  in  the  classification  ays  tea  include  families*  promt 
soil  groups,  suborders,  and  orders.    They  are  seldom  used  on  Sit 

small-scale  soil  maps*  * 


Soil  series,  types*  and  phases  do  hot  occur  at  random  in  the  land- 
scape*   Ttiey  have  ah  orderly  pattern  of  occurrence  that  is  related  to 
the  land  form;  the  parent  material  from  which  the  soil  was  fornedj  and 
the  influence  of  the  plants  that  grew  on  the  soils,  the  animals  that  r 
lived  bri  them*  and  tte  way  men  have  used  them. 

On  a  given  farm,  the  different  Rinds  of  soil  commonly  haV6  a,  re- 
peating pattern,  which  is  associated  with  the  slope. 

The  relatidrahipe  between  the  soils  arid  landscapes  vary  in  details 
in  different  parts  of  the  country,  but  the  relationships  generally 
exist*    Aryohe  who  is  familiar,  with  the  soils  can  visualize  the  land- 
scape from  a  soil  map;  br>  if  he  sees  the  landscape,  he  can  predict 
where  the  boundaries  are. 

A  soil  survey  includes  finding  cut  which  properties  of  soils  are 
important*  organizing  the  knowledge  about  the  relations  of  soil  pro- 
perties and  soil  use,  classifying  soils  into  defined  and  described 
units,  locating  and  plotting  the  bcwhdaries  of  the  units  oh  maps,  and 
preparing  and  publishing  the  maps  and  reports. 

The  soil  survey  report  consists  of  a  map  that  shows  the  distribu- 
tion of  soils  in  the  area,  descriptions  of  the  soils  ^  some  suggestions 
as  to  their  use  and  management,  and  general  information  abdut  the  area. 

Reports  usually  are  prepared  on  the  soils  of  one  country^  although 
a  single  report  may  cover  several  small  countries  or  only  parts  of 
countries. 

Soil  surveys  are  made  cooperatively^by  the  Soil  Conservation  Service 
of  the  Department  of  Agrtcuitatre,  the  agricultural  experiment  stations* 
and  other  State  and  Federal  agencies.    Plans  for  t.Jie  *fork  in  any  area 
ere  developed  jointly,  and  the  reports  are  reviewed  jointly  before  pub- 
lications 

Soil  maps  have  many  uses,  but  generally  they  are  made  for  one  main 
purpose— to  identify  the  soil  as  a  basis  for  applying  the  results  of 
research  and  experience  to  individual  fields  or  parts  of  fields «  Result* 

from  an  experiiwmt  on  a  given  soil  can  be  applied  directly  to  other  

areas  of  the  same  kind  of  soil  with  confidences    Two  areas  of  the  same 
kind  of  soil  are  no  more  identical  than  two  oak  tre es *  bu t  they  are  so 
similar  that  (with  comparable  past  management)  they  should  respond  to 
the  same  practices  in  a  similar  maimer. 


But  ir.ariy  thousands  of  kinds  of  soil  exist  in  the  United  States; 
Research  can  be  conducted  on  only  a  few  of  them.    The  application  of 
the  research  results  mist  usually  be  based  on. the  relationships  of 
the  properties  of  the  soil  on  which  the  experiment  was  conducted  to 
the  properties  of  the  soils  shown  oh  the  maps.    This  can  be  dons  best 
by  the  soil  classification  system* 

The  significant  properties  that  can  be  known  from  the  soil  maps 
include  physical  properties,  such  as  the  amount  of  moisture  that  the 
soil  will  hold  for  plants,  the  rate  at  which  air  and  water  move  through 
the  soil,  and  the  kinds  and  amounts  of  clays,  all  of  which  are  impor- 
tant in  drainage,  irrigation,  erosion  control,  maintenance  of  good 
tilth*  arid  the  choice  of  crops . 

Some  important  chemical  properties  can  be  known  from  the  soil  maps. 
The  ability  of  a  soil  to  convert  phosphate  fertilizer  to  forms  un- 
available to  plants  is  an  example.    Generally  speaking,  however,  the 
ability  of  a  soil  to  supply  nutrients  needed  by  plants  cannot  be  known 
with  precision  from  the  soil  map  alone,  for  the  supplies  of  the  nu- 
trients are  changed  when  a  farmer  applies  fertilizers* 

Soil  tests  on  individual  fields  are  becoming  more  and  more  im- 
portant *  Considered  in  relation  to  the  kind  of  soil,  they  form  the 
most  reliable  background  for  recommending  the  application  of  fertilizers 

The-  soil  map  shows  the  distribution  of  specific  kinds  of  soil  and 
identifies  them  through  the  map  legend.    The  legend  is  a  list  of  the 
symbols  used  to  identify  the  kinds  of  soil  on  the  map* 

The  most  common  soil  units  shown  on  rasps  nro  the  phases  of  soil 
types,  but  other  kinds  of  units  may  be  shown* 

The  soil  bodies,  areas  occupied  by  the  individual  soil  units, 
generally  range  'from  a  few  acres  to  a  few  hundred  acres.    Often  within 
one  soil  body  are  small  areas  of  other  soils— series,  types,  or  phases. 
If  the  included  soils  are  similar  in  nature,  they  are  generally  not 
identified  unless  they  represent  more  than  le  or  15  percent  of^the^soll 
body  in  which  they  are  included.    If  the  properties  of  the  included 
soils  differ  markedly  from  those  of  the  rest  of  the  soil  body,  they 
usually  are  indicated  by  special  symbols. 

But  occasionally  the  individual  parts  of  a  unit  are  so  small  and 
so  mixed  with  other  units  that  they  cannot  be  shown,    Then  the  legend 
will  indicate  the  area  occupied  by  the  intricate  mixture  as  a  soil  com- 
plex if  ail  of  the  included  units  are  present  in  nearly  every  area* 


A_  complex  may  consist  of  two  or  mora  phases  of  a  soil  type  ^  but 
commonly  it  consists  of  two  or  more  series*    The  names  of  complexes  may 
carry  a  fjypheri  between  the  names  of  two  soil  types  or  phases*  as 
"Barhes-Buse  loams*"    If  several  series  or  types  are  included  in  the 
complex^  the  names  of  one  or  two  of  the  most  iinpbrtarit  series  or  types 
will  ba  followed  by  the  word  "complex/1  for  example ^  "elarinda-Lagbhda 
complex*" 

Two  other  kinds  of  units  are  common  on  soil  maps — the  undifferenti- 
ated group  and  the  miscellaneous  land  type* 

Two  or  more  recognized  kinds  of  soil  that  are  not  regularly  associ- 
ated in  the  landscape  may  be  combined  if  their  separation  is  costly  and 
the  differences  between  tftem  are  not  significant^or  the  objective  of 

the  i oil  survey*  This  kind  of  undifferentiated  group  is  shown  in  the 

legend  with  the  names  of  the  individual  units  connected  ty^a  conjunction— 
for  example,  "Downs  or  Fayette  silt  loams*" 

The  miscellaneous  land  types  are  used  for  land  that  has  little  or 
no  natural  soil*  The  map  units  then  are  given  descriptive  names j  such 
as  "steep,  story  land,"  "gullied  land^"  and  "mixed  alluvial  land*" 


The  relationships  between the  units  that  appear  on  the  maps  and 
legends  and  the  use  and  management  alternatives  are  explained  in  the 
text  that  accompanies  the  soil  survey  report* 
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HOW  TO  PET  ERMINE  NUTRIENT  NTTFTtt 


fou  can  t«ii  whether  soil  needs  fertilisers  by  the  health  and 
productiveness  of  the  plants  that  grow  on  it* 

 Plants  in  poor  health  may  be  stunted  or—when  nutrients  are 

critically  low — show  signs  of  sickness  on  leaves ,  sterna ,  or  fruits* 
In  some  plants,  however,  the  need  for  more  or  different  imtrlente  is 
loss  easily  seen.    Often  they  nay  not  appear  stunted  or  Show  defi- 
ciency synqptoeai,  twt_  they  will  respond  to  the  addition  of  nutrients 
to  the  soil.    This  hidden  hunger  will  become  more  ccnmbh  as  faraire 
increase  their  yields* 

Three  steps  are  necessary  to  determine  the  nutriect  heeds  of 

sotlt 

the  problem  must  be  diagnosed. 

The  degree  of  deficiency  must  be  determined* 

 the  amount  of  fertiliser  needed  for  the  desired  yield  met  be 

found* 


Plants  and  soil  conditions  suit  be  examined  in  detail  in  the 
fieit:*_  There  is  no  way  of  getting  around  that.    This_ diagnosis  ban 
thin  be  checked  by  single  fertiliser  tests  in  the  field  or  green- 
house, by  quick  teste  of  plant  tissues,  and  by  analysis  of  Soils  ard 
plants. 

 Of  ten you  can  easily  see  that  a  crop  is  net  maJd,ng_jroper  growth. 

Sometiaee  plants  exhibit  general  or  specific  symptom  of  poor  nutri- 
tion.   Too  little  sulfur  and  nitrogen,  lor  extols,  produce  a  general 
chlorosis— a  yellow  or  pale-green  color  over  the  entire  plant*  Seme 
deficiencies,  lixe  that  of  iron;  show  up  mostly  in  the  youhgit  tissues 
the  young  leaf  blades  are  white  or  pale  yellow  but  the  veins  may  be 
normal* 

iithcugh  symptona  are  a  useful  guide  to  the  need  for  nutrients, 
ona  to  to  be  careful in  interpreting  tJ»mj_|*rtteulariy  when  two  or 
abre^deficiencies  eriat  at  the  same  time*    Climate  also  may  affect  the 
expression  of  symptoaisi    Therefore  the  diagnctia  should  be  sbnfimed 
by  chemical  teste  of  the  plant  tissues  or  *y  applying  tte  mtrient  to 
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the  soil  or  the  foliage  and  seeing  how  the  plant  responds. 

Of  particular  importance  in  diagnosis  is  the  th? 
soil  profile.    Poor  drainage  may  induce  symptoms  of  deficiency.  An 
I^le  is  so-called  lime-induced  chlorosis,  or  iron  deficiency,  which 
if^on  on  susceptible  crops  or  poorly  drained  sitesih  the  West. 
Pi-rSTin  fields  where  surface  soil  has  been  removed  by  erosion  or  in 
PrtSaratiof  for  irrigation  often  are  deficient  in  nitrogen,  PjojPho- 
SJ^SSTliiaii?  or  zinc,  especially  if -^Jf^gSSS^" 
Overtiming  can  induce  some  deficiencies  on  acid  soils.    Deiici J™*^-- 
oTonTor  more  elements  frequently  occur  where  sand  or  gravel  underlies 
shallow  soil. 

It  is  important  but  not  always  easy  to  exclude  ot^rH^*n° 
causes  of  poor  growth  or  symptoms  that  look  like  mineral  defioi encies. 
Some  insects  suck  juices  from  plants  and  so  reduce  f^h,  to^ra 
oHome  insects  deform  plants  and  produce  symptoms  like  those  of  min- 
eral deficiency.    Nematodes  may  retard  development  of  roots. 

Some  plant  diseases,  particularly  the  virus  diseases,  produce 
leaf  patterns  that  can  be  confused  with  symptoms  of  mineral  deficiency. 
lolo^riSS  organisms  that  produce  dead  areas  in  leaves.    Root  rot 
can  reduce  the  ability  of  a  plant  to  forage  for  nutrients* 

Excess  salts  in  the  soil  reduce  the  entry  of  water  into  plants 
-nd  restrict  their  growth  without  producing  specific  symptoms  of  de- 
XSiSSjr  This  problem  is  common  in  western  irrigated  areas  and  may 
teto^Zo  in  thVWtern  States .  Accumulation  of  sodium  on  the  clay 
of  soils  leads  to  an  alkali  condition  that  often  is  linked  with  poor 
growth  or  nrgrowth  of  crops  and  the  presence  of  deficiency  symptoms 
of  iron  and  sometimes  zinc. 

The  damage  done  by  drought  may  be  mistaken  for  nitrogen  defi- 
ciency in  grains,  com,  sorghum,  and  grasses . 

Frost  damage  may^  also  produce  symptoms  that  may  appear  to  be  de- 
ficiencies of  nutrients . 

Applying  fertilizers  too  close  to  *e  seed  at  planUng  or  ?ide-^ 
dressing  fertilizers  at  too  high  rates  or  too  close  to  the  plants  may 
prX^inJuries  that  reduce  growth  or  kill  plant  tissues. 

Improper  cultivation  may  result  in  deficiency  symptoms.  Light- 
ning may  sear  small  areas  in  a  field. 
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if  tar  you  have  made  a  field  diagnosis,  you  can  confirm  it  by  pot 
experiments  in  a  greenhouse  or  strip  tests  in  the  field,    these  tests 
ire  made  by  adding  (singly  or  in  varies  combinations  J  the  fertilizer 
elements  suspected  of  being  deficient  and  observing  the  plant  growth 
that  results. 

The  next  step  ii  to  determine  the  extent  of  the  deficiency* 

One  way  to  do  that  is  to  make  ah  experiment  in  the  field  itself* 
The  deficiency  is  estimated  by  adding  nutrients  and  determining  what 
effect  the  additions  have  on  the  plants*    The  fertilizer  cbntairiing 
the  nutrieht  is  added  to  the  soil  or  sprayed  on  the  plants  at  various 
rates  of  apf&icatlori-Hrore  than  one  nutrient  may  be  deficient^  and 
several  rates  of  each  nutrient  may  be  added  in  combination  with  dif- 
ferent rates  of  the  others* 

Several  kinds  of  ixifomatioh  may  be  had  from  these  experiments* 
The  simplest  is  the  response  curve  of_yield  in  relation  to  tto  aracxmt 
of  nutrient  supplied*    It  give^ixif oraation  abrot  tfe  supplying  pcwer 
of  the  unfertilized  soil  in  terms  of  bushels  or  tons  of  produce*  If 
tS  increase  in  yield  is  greats  the  e^eriient  shows  that  the  soil  has 
too  little  of  the  nutrieixt J. n  question*    The  shape  of  the  response 
curve  also  shows  how  nuch  nutrient  is  needed  to  produce  the  desired 
yield  level  under  the  existing  set  of  conditions. 
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dH.  SOIL  ACIDITY >  AND  PLANT  GROWTH 

When  crop  plants  do  not  grow  well,  one  of  the  first  questions  the 
ioi±  scientist  usually  asks  is,  "What  is  the  PH  of  the  soil?"  or,  "Is 
the  soil  acidi  neutral,  or  alkaline?" 

The  reason  for  these  questions  lies  in  the  fact  that  the  pH,  or 
degree  of  acidity  of  the  soil,  often  is  a  symptom  of  some  disorder  in 
the  chemical  condition  of  the  soil  as  it  relates  to  plant  nutrition. 

A  measurement  of  soil  acidity  or  alkalinity  is  like  |^9|W£S 
measurement  of  a  patient's  temperature.     It  reveals  that  something  may 
be  wrong  but  it  does  not  tell  the  exact  nature  of  the  trouble. 

The  acidity  or  alkalinity  of  every  water  solution  or  mixture  of 
soil  and  water  is  determined  by  its  content  of  hydrogen  ions  and  hy- 
droxy 1  ions.  Water  molecules  break  up,  or  in  che.jiical  language, 
ionize,  into  two  parts-hydrogen  ions  and  hyuroxyl  ions.  When  there 
are  more  hydrogen  ions  than  hydroxy!  ions,  the  solution  is  said  to  be 
acid,  if  there  are  more  hydroxyl  ions  than  rydrogen  ions,  the  solu- 
tion is  alkaline  (or  basic,.  Solutions  with  equal  numbers  of  hydro- 
gen and  hydroxyl  ions  ara  called  neutral. 

Only  a  very  small  percentage  of  the  water  molecules  present  are 
broken  up  into  hydrogen  and  hydroxyl  ions  at  any  one  time.    If  one 
aSempts  to  express  the  concentration  of  these  ions  in  conventional 
chemical  ways,  some  cumbersome  decimal  'ra^°"s  "suit.    In  order 
to  avoid  these  cumbersome  numbers,  the  Danish  biochemist  S.  P.  L. 
Sorenson  devised  a  system  called  pH  for  expressing  the  acidity  or 
alkalinity  of  solutions s 

The  pH  scale  goes  from  0  to  lU.    At  pH  7,  the  midpoint  of  the 
scale,  there  are  equal  numbers  of  hydrogen  and  hydroxyl  10ns,  and  the 
solution  is  neutral. 

pH  values  below  7  indicate  an  acid  solution,  where  there  are  more 
hydrogen  ions  than  hydroxyl  ions,  with  the  acidity  (or  hydrogen  ion 
concentration)  increasing  as  the  pH  values  get  smaller. 

pH  values  above  7  denote  alkaline  solutions,  with  the  concentra- 
tion of  hydroxyl  ions  increasing  as  the  pH  values  get  larger. 
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 The  pH  s»le  ±3  based  on  logarithna  of  the  concentration  of  the 

hydrogen  end  hydroxy!  ions  •    This  maano  that  a  solution  of pH  P  has 
10  times  the  hydrogen  ion  concentration  of  a  eolation  of  gH  £s    A  so- 
lution of  pH  \i  has  10  tiroes  more  hydrogen  ions  than  one  of  pH  g  arid 
10  times  10,  or  100  times,  the  tydrogen  ion  concentration  of  a  solu- 
tion of  pH  6* 

A  measurement  of  the  pH  of  a  solution  of  a  strong,  or  highly 
ionized,  acid  measures  essentially  tha  total  strength  of  the  acid* 
But  a  pH  determination  of  a  solution  of  weak,  or  slightly  ionized, 
acid  measures  only  a  part  of  the  total  strength  of  the  acid,  because 
pH  is  a  measure  of  hydrogen  ions  only  and  does  hot.  masure  all  tfe 
acid  molecules  that  can  bbtehtially  ionize  to  f  om  lydrbgeh  ions. 

In  a  soil*  hydrogen  ions  exist  in  a  number  of  different  chamical 
combinations  and  states  of  adsorption  on  the  surfaces  b?  solid  parti- 
cles.   The  number  of  Ijydrogeu  ions  in  the  soil  solution  at  ai^r  cuie 
tiaa  is  small  in  relation. to  the  number  held  in.  a  less  active  fowa  in 
various  nonionized  molecules  and  oh  the  surfaces  of  the  solid  parti- 
cles • 

When  the  soil  is  limed  in  order  to  bring  it  to  neutrality,  enough 
lime  must  be  added  to  raact  not  only  vith  the  so-called  free  ^ydro^n 
ions  of  the  soil  solution  but  also  vith  those  held  in  the  less  active 
forms*    This  is  sb_ because  as  the  neutralization. of  the  soil  progresses 
ionization  of  the  less  active  forms  of  hydrogen  likewise  progresses  arid 
new  free  hydrogen  ions  are  formed  as  long  as  the  supply  of  less  active 
forms  holds  out* 


Thus  it  is  possible  to  think  of  the  total  acidity  of  a  soil  as 
being  composed  of  two  parts* 

One  part,  often  called  the  active  acidity,  is  made  up  of  the  hy- 
drogen ions  in  the  soil  solution*    These  are  the  hydrogen  ions  meas- 
ured when  the  pH  of  the  soil  is  determined* 

The_  second,  arid  much  larger,  part  of  the_  total  soil  acidity  is 
often  called  potential  acidity*    The  potential  acidity  is  due  to  hy- 
drogen ions  held  in  various  chemical  combinations  and  adsorbed  on  the 
surfaces  of  solid  particles*    These  hydrogen  ions  are  in  chemical 
equilibrium  with  the  f rie  hydrogen  ions  of  the  active  part  of  the^sbii 
acidity,  and  as  the  free  hydrogen  ions  of  the  soil  solution  are  neu- 
tralized or  removed  from  the  soil  solution  in  other  ways,  hydrogen  ions 
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from  the  less  active  (or  potential  acidity)  source  enter  the  solution. 

Most  of  the  hydrogen  Ions  in  the  potential  acidity  forms  are  held 
on  surfaces  of  solid  particles  of  clay  or  soil  orga^c  matter.  These 
clay  and  organic  particles  are  very  small,  and  consequently  have  a 
W^mrfaca  arefper  unit  weight.    They  make  up  what  ^called  tto 
ctnoidal  fraction  of  the  soil.    Since  most  of  the  potenUal  acidi|y 
n?  sSlsis  duo  to  hydrogen  ions  held  on  the  clay  and  organic  particles, 
ll  follows  that  ftn£te*!ured  soils,  which  are  high  in  clay  and  organic 
latter"  can  have  a  higher  total  acidity  than  sandy  soils  of  low  clay 
and  organic  content. 

there  are  different  kinds  of  clay  in  different  soils,  and  these 
cUffereTkJSs  of  clay  can  hold  different  amounts  of  hydrogen  ions  xn 
the  potential  acidity  formi 

Approximate  Amounts  of  Finely  Ground  J£^£di°S 
Raise  the  pH  of  a  7-inch  Layer  of  Soil  as  Indicated 

//  Limestone  requirements^  # 

.  ,        -//L.^  nU  5  C   frcm  pH  bl>  From  pH  5,5// 

Soil  regions  and         //From  pn\  j^r>  £  Vfc  +a  r>w  6.  S 

rlaqwB  to  pH  U.$  to  pH  5.  5  tO  PH  O.  5 

textural  classes  Tsns  per  acre      Tens  per  acre       Tons  per  acre 

Soils  of  warm-temperate 
and  tropical  regions:* 

Sand  and  lowty  sarid  6*3  #-2  -j 

Sandy  loan  ......... .  ~.  ~. .  •  ••• 

fcoam   *  •*••  x;2                       1  U 

Silt  loam    "**  ,  _^  2.0 

elay  loam  ••••  xo 


1A11  limestone  goes  through  a  2-mu  mesh  screen  a«i  at_ least  |  through 
a  h  s  mn.    With  coarser  materials,  applications  need  to  be 

grelterT  For  burned  li»  about  §  the  amounts  give,,  are  used;  for 
drated  lime  abcvt  3/U. 

2Red-Y  allow  Podzol,  Red  Latosol,  etc. 
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Soil  regions  arid 
texturai  classes 


 Limestone  requirements 

Prom  pH  3 5  From  pHJj->  From  pH  5.  5 


Muck   

Soils  of  cool-temperate  and 

temperate  regions:** 

Sand  and  loamy  sand  •••• 

Sandy  loam   

Loam   

Silt  loam   # 

Clay  loam    • «.  # 

Muck   


to  pH  Jjt 
Tons  per  acre 

*2.5 


■>2*9 


to  pH  5. S 
Tons  per  acre 

3.3 


.5 

1*9 
3.8 


tO  FHJ>:5 

Tons  per  ^ere 
3.8 


.6 
1.3 
1.7 
2.0 

2.3 
li.3 


-*The  suggestions  for  muck  soils  are  for  those  essentially  free  of 
sand  and  clay.    For  those  containing  much  sand  or  clay  the  amounts 
should  he  reduced  to  values  midway  between  those  given  for  muck  and 
the  corresponding  class  of  mineral  soils  JEi  the  mineral  soils  are 
unusually  low  in  organic  matter,  the  recommendations  should  be  re- 
duced about  25  percent;  if  unusually  high^  increased  by  about  25 
percent  or  even  more. 

kpodzol,  Gray-Prown  Podzol,  Brown  Forest,  Brown  Podzol^  etc. 

^FrOm  US DA  HandbooK  No.  Id,  p. 237* 


57 


t.c? 


84 


ERIC 


MAINTAINING  ORGANIC  MATTER 

Soil  organic  matter  is  dynamic  material.    It  changes  continually 
through  further  decomposition,  but  it  maintains  a  degree  of  sta- 
bility in  quantity  and  in  quality  through  the  additions  of  new  raw 
materials . 

Organic  matter  is  a  temporary  product— a  stage  in  a  natural  cycle 
of  elements.    Each  increment  remains  In  the  soil  while  it  passes 
through  the  several  slow  biological  oxidation  changes  that  eventually 
reduce  it  to  carbon  dioxide,  water,  and  mineral  elements.    As  it 
passes  through  the  cycle,  it  is  replaced  by  organic  matter  formed 
from  fresh  residues. 

Organic  matter  is  formed  in  the  biological  decomposition  of  plant 
and  animal  residues.    In  the  decomposition  process,  some  of  the  plant 
substances  are  converted  rapidly  to  carbon  dioxide,  water,  and  mineral 
elements  (-nineralisation),  and  other  substances  may  be  only  chemically 
altered  at  firsts 

The  microbiological  activity  is  high  when  fresh  plant  residues 
berin  to  decay.    As  the  micro-organisms  consume  the  more  easily  de- 
composable materials,  the  level  of  activity  gets  less  and  J^en 
only  the  more  resistant  plant  substances  remain  along  with  the  series 
of  new  organic  materials  synthesized  by  the  micro-organisms,  the  mi- 
crobial activity  becomes  slow— akin  to  a  smoldering  fire— and  is  the 
cause  of  constant  loss  of  organic  matter  from  soil. 

The  amount  of  organic  matter  in  soil  at  any  time  hinges  on  the 
speed  of  the  microbiological  activity  and  the  ajnount  of  fresh  residue 
material  that  is  added  each  year.   The  principles  that  regulate  micro- 
biological decomposition-which  affect  mechanical^losses  of  soil  and 
determine  the  amount  and  kind  of  residues  returned  to  ^e^oil.-there^ 
fore  are  the  principles  that  govern  the  level  of  organic  matter  in  soil. 

A  number  of  things  affect  the  speed  of  activity  of  soil  microbes. 
We  can  control  some  of  them.    Others  depend  on  the  weather.    Some  are 
determined  by  early  .geological  processes  and  the  kind  of  plant  cover 
that  prevailed  before  men  became  interested  in  soil  organic  matter. 
Among"  the  factors  are  temperature,  moisture,  aeration,  acidity,  supply 
o^  plant  nutrients,  tillage,  and  the  kind  and  the  amount  of  crop  resi- 
dues and  manures  returned  to  the  soil.    Cropping  systems  and  soil 
management  exert  strong  influences  on  most  of  these  factors, 

Microbes  are  most  active  in  a  moist  soil.    Microbial  activity  is 
depressed  when  a  soil  is  extremely  wet  or  dry.    Air  is  excluded  from  the 
80il  pore  spaces  in  a  wet  soil,  and  the  lack  of  air  slows  decomposition. 
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/      The  purpose  of  composting  plant  and  animal  residues  is  to  provide 
the  plant  with  food  in  a  more  easily  available  form  than  that  con- 
tained in  the  original  residues.    There  are,  in  addition^  a  number  of 
other  benefits  to  be  gained  from  this  preparation  of  the  foodi 

(a)  The  food  is  presented  to  the  plant  in  a  steadily  available 
form,  being  broken  down  by  soil  organisms  during  the  course 
of  the  season  as  and  when  the  plant  requires  it. 

(b)  The  organic  matter  provides  a  useful  soil  conditioner  in  a 
form  less,  readily;  destroyed  than  dung,  as  it  contains  a 
better  balance  of  carbon  and  nitrogen  compounds. 

i 

(c)  Weed  seeds  and  pathogenic  organisms  are  destroyed  ty  the 
heat  and  Microbial  activity  of  the  composting  process. 

(d)  The  bulk  of  the  materials  used  is  reduced  to  about  a  third, 
and  is  in  a  friable  condition,  thus. considerably, reducing 
handling  costs  over  the  original  bulk  of  materials • 

(e)  The  highly  cmce^rated  md  sonietimes  harmful  compounds 
in  some  animal  manures  are  converted  to  more  suitable  and 
better  balanced  materials  for  plant  use* 

(f)  The  conservation  of  nitrogen  and  other  easily  lost  nutrients* 

In  order  that  this  decomposition  of  residues  shall  come  about 
rapidly  and  efficiently,  three  factors  must  be  present --namely^  air  -9 
moisture  and  sufficient  nitrogenous  matter,  phosphates  and  trace 
elements,  for  the  micro-organisms  to  build  up  their  bodies 

Air,  naturally,  is  required  for the_ microorganism »  respiration^ 
during  which  they  burn  up  the  carbohydrates  in  the  plant  Residues 
with  the  evolution  of  considerable  heati    If  jwe  are  to  obtain  this 
heat  (11*0-160°  F.),  the  air  supply  must  be  adequate.    On  the  other 

hand,  too  much  air  will  cool  and  dry  the  heap—the  supply  mast  be  

controlled.    This  is  best  achieved  by  wrapping  small  heaps  with  some 
porous  material — sacking  -or  slatted  boards-^or,  in  the  case  of  large 
heaps*  tjy  situating"  them  but  of  winds,  or,  better  stiil^  te  pits  with 
a  network  of  air  channels  on  the  bottom; to  provide  a  steady  percola- 
tion of  air  from  the  bottom  upwards.    It  is  for  the  reason  of  excessive 
air  supply  that  heaps  of  less  than  half  a  cubic  yard  are  difficult  to 
heit  properly  except  in  warm  weather,  or  unless  extremely  well  insulated* 
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The  actual  .rite  of  passage  of  air  can  vary  within  quite  wide  limits t 
an  increase  in  flow,  though  carrying  away  the  Seatj  also gives  the 
organisms  the  opportunity  t'o  work  faster  and  produce  more  heat,  bo 
that  the  proceao  is  to  some  extent  compensatoryi    Care  mist  be  taken 
to  avoid  extremes. 

In  practice,  a  mixture  of  soft  leafy  or  grassy  material,  and  plant 
stems  in  equal  proportions,  or  straw,  with  the  addition  of  the  commonly 
recommended  one -quarter  by  bulk  of  farmyard  manure,  will  give  good 
results*    Sawdust,  coffee  grounds  and  similar  close-textured  materials 
are  almost  impossible  to  decompose  quickly,  mainly  because  of  poor 
aeration.    The  addition  of  sufficient  nitrogenous  matter  and  mois- 
ture  for  complete  decomposition  would  effectively  stop  air  from  enter- 
ing these  materials.    It  is  better,  therefore,  if  quick  results  are 
required,  to  mix  these  materials  with  more  fibrous  matter. 

The  loss  of  nitrogen  through  composting  close-textured  materials, 
particularly  if  high  in  nitrogen,  is  well  borne  out  in  the  following 
table. 


CHANGES  OF  NITROGEN  CONTENT  IN  COMPOST  HEAPS 


Material 

Nitrogen 
at  Start 
lb. 

Nitrogen 
at  End 
lb. 

Gain  or  toss 
lb* 

Percentage 
Gain  or  Loss 

Weeds 

m.2 

25.7 

-18*5 

-Ul.8 

4  Weeds  and 
\  Crotalaria 
Ditto 

02*8 

28  .U 
29.2 

-iij*5 
-20.5 

r33.8 

-l4l*3 

Mixed  Crop 
Residues 

28*3 

29.5 

♦  1*3 

♦  U*u 

Crotalaria  is  a  leguminous  plant.    Heaps  of  approximately  2  tons 
at  start * 


It  will  be  noted  that  the  higher  the  proportion  of  nitrogen  the 
greater  the  loss.    While  a  well-aerated  heap  low  in  nitrogen  finally 
contained  the  most.    It  has  been  found  also  that  mixed  was+es  decom- 
pose more  quickly  than  single  materials  partly,  no  doubt,  <>*ing  to 
the  improved  texture  of  the  heap.    Sit  it  seems  that  many  micro- 
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organisms  thrive  better  on  a  mixed  diet,  and  these  will  .be  better 
catered  fori 


Moisture  is  necessary and  needs  to  be  present  within  compara- 
tively narrow  limits--suf ficient  to  provide  a  film  of  moisture  for 
the  micro-organisms  to  travel  in,  but  not  50  much  as  to  impede  aera- 
tion  or  even  to  run  through  the  heap  and  cool  it.    While  water  passing 
through  will  probably  not  carry  away  much  nut ri ent ,  pro  vi din g  the  heap 
is  warm  and  well  aerated,  should  the  heap  become  cold  and  the  micro- 
organisms  inactivated,  there  is  a  decided- risk  of  this  occuring.  In 
practice,  a  water  content  of  $0-70  per  cent  is  found  to  be  satisfactory! 
in  effect,  the  materials  will  be  holding  just  as  much  water  as  they 
can  without  any  surplus  to  drain  away*    Too  much  water  will  also  impede 
the  activity  of  fungi  which  is  necessary  to  decompose  the  ligneous 
fractions. 

Nit r op en  is  the  chief  food  element,  apart  from  carbohydrate, 
required  by  the  micro-organisms.    In  order  to  provide  a  balanced  diet 
for  micro-orgtdiisins  the  nitrogen  must  be  between  1*2-3  and  1»8  per 
cent  of  the  carbohydrate  on  a  dry -weight  basis,  which  represents  a 
carbon-nitrogen  ratio  of  abou1f-33 :1.    On  this  basis,  a  ton  of  freeh 
dung  containing  10  ib»  of  nitfrogen  would  suffice  for  1,000  lb.  of 
straw  already  containing  about  0*5  per  cent  of  nitrogen.    A  smaller 
quantity  will  result  in  a  somewhat  slower  decomposition,  while  a 
greater  quantity  will  not  be  utilized  by  the  microbes  and  will  be 
destroyed  by  denitrifying  organisms  or  lost  to  the  atmosphere  as 
ammonia  or  evil-smelling  compounds.    From  the  point  of  view  of 
economy,  therefore,  it  is  probably  wiser  to  err  on  the  lower  side. 

/  '  •. 

It"  is  interesting  to  * note  in  this'  connection  that  a  compost  heap 
is  to  a  large  extent  self -compensatory  in  its  nitrogen  requirements, 
as  micro-organisms  feeding  on  the  material  can  fix  considerable 
amounts  from  the  atmosphere,  as  shown  by  the  following  table : 

i  _  i 

Total  N.  -  Total  N*  Percentage 
Amount  of                 afr Start       at  End  Gain  of         Gain  N. 

Dung  Used  lb.  lb.  N.  in  lb. 

Full  quantity      32-70  3U»87  6«6  2*17 

£  quantity  29*12  32*36  11*1  3*2U 

It  will  be  noted  that  the  low-nitrogen  heap  has  gained  1*7  lb.  more 
of  nitrogen  over  the  full-^iitrogen  heap*    This  effect  is  also 
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dependent  on  the  aeration  of  the  heap*  as  shown  below. 

Pit  h  ft.       Pit  2  ft. 
Deep  Deep 

Total  at  start  (lb.) 
Total  N.  at  end  (lb.) 
Loss  or  gain  Ns  (lb§) 

as  percentage 


Both  thesn  tables  refer  to  pits  containing  about  2  tons  of  wastes. 

For  those  fanners  having  abundant  supplies  of  dung,  providing  the 
proportion  of  this  material  does  hot  exceed  a  quarter  by  bulk  to  strawy 
or  other  low-nitrogen  wastes,  there  will  be  little  loss  or  gain.  For 
the  market  gardener,  however,  who  has  to  buy  his  dung,  only  one- 
sixteenth  part  of  fanryard  manure  is  needed,  provided  it  is  fresh,  or 
less  if  the  wastes  contain  a  fair  proportion  of  discarded  vegetables, 
tomato  haulms,  etc.,  which  are  generally  a  good  deal  higher  in  nitro- 
gen than  straw.    In  practice,  all  that  is  required  is  sufficient  to 
ensure  satisfactory  heating  of  the  heap,  permitting  a  large  degree  of 
latitude  in  proportions  of  materials  used.    On  this  basis,  very  much 
less  of  other  nitrogenous  materials  used  for  composting  than  has  hith- 
erto been  recommended  seeius  necessary.    I  have  myself  used  such  compost 
for  several  years  with  satisfactory  results,  without,  until  recently, 
appreciating  the  reason  for  them. 

Z amperature  has  some  influence  on  the  nitrogen  and  organic  matter 
content.    Less  organic  matter  and  nitrogen  is  lost  as  the  temperature 
rises  from  113°  F,  (U?°  C.)  to  16?°  F.  (75°  C.),z  and  the  same  applies 
to  temperatures  below  86°  F.  (30°  C).    In  the  intermediate  range  organic 
natter  decomposes  more  quickly,  while  the  nitrogen  content  may  increase. 

The  energy  food  of  the  organisms,  almost  entirely  carbohydrates, 
with  a  little  protein,  can  take  many  forms  vaiying  in  digestibility. 
The  most  easily  decomposed  are  the  sugars  which  provide  food  for  some 
nitrogen  fixing  organisms,  notably  azotobacter.    There  are  further 
cnall  quantities  of  starch  and  pectins,  but  the  great  bulk,  as  a  rule, 
consists  of  celluloses  and  hemi-cclluloses  v;hich  provide  food  for  a 
great  variety  of  bacteria  and  fungi.   The  last  group  of  energy-provia- 
inC  materials  are  the  lignins  which,  so  far  as  we  know,  can  only  be 
broken  down  by  fungi.    Curiously  enough,  the  heat-loving  bacteria 
cha-  live  ih  the  heap  in  its  early  stages  seem  to  prefer  proteins.  This 
possibly  accounts  for  the  fact  that  material  low  in  nitrogenous  com- 
pounds and  activated  with  sulphate  of  ammonia  or  other  artificial 
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nitrogen  may  fail  to  heat  up  satisfactorily* 


The  course  of  events  taking  place  in  a  compost  heap  are.rbuj 
as  follqwss    The  hwni-ceiluloses  surrounding  the  cellulose  fibres:  are 
strongly  attacked  by  ftxngi  and  bactei'ia  with  the  evolution  of  much 
heats    This  releases  the  celluloses  for  attack,  maihlj  by  bacteria. 
This  stage  is  needed  after ^bout  a  week,  when  the  temperature  reaches 
its  highest  peaks    With  a  gradual  fall  in  temperature  the  fungi  rein- 
vade  the  hesp  and  its  celluloses,  and  also  attack  t^e  ligneous  frac- 
tions, but  their  action  is  slow  and  lasts  oyer  several  months,  accord- 
ing to  temperature  and  aerations    If  the  material  contains  as  much  as 
20-30  per  cent  of  -lignins^  as  in  wood,  decomposition  is  very  slot,  as 
the  lignin  encloses  much  of  the  cellulose  material^  thus  protective 
it  from  decompositions    Sawdust*  f ran  its  finely  divided  nat Are,  is  a 
good  deal  more  accessible,  though  this  is  counterbalanced  to  some 
extent  by  its  close  texture  impeding  aerations    The  processes  are  ex- 
emplified in  the  tables 


HATE  OF  DECuITCSITICh  OF  THE  RYK  STRAW  AT  35c 

Duration  of  0  h  6  2h  8ij 

Decomposition        days     days     days     days  days 


Total  Organic 

_  Matter 
Cellulose? 
Kami ^celluloses 


100       97  78       62  h9 

57     56,1     la*9     30  •h  2h*2 
21*85    lfl*35    10-bl    8*t2  6*85 


As  percentage 
of  original 
organic  matter 
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CaiPOSTS,  PfcATj  AMB^5ffiAu£  SUJDGE 

^Organic  materials  cnce  were  the  only  f emitters  used  by  farmers i 
They  were  mainly  plant  and  animal  products  high  in  protein  arsi  wire 
uaed  for\thsir  nitrogen-supplying  value*    The  demand  for  many  of  them 
in  making  ?;eed  and  the  lower  cos  t  and  greater  availability  of  plant 
nutrients  in  mineral  fertiliser  have  led  to  the  replacement  of  most 
of  them  as  fertilizer. 

Other  organic  materials^  such  as  composts,  peat,  and  sewage  sludge, 
—  continue  to  be  used  to  improve  soil.    lv;ey  ai^b  called  sdil  ^endme^ts 

rather  than  fertilizers  because  of  their  low  content  of  plant  nutrients* 

They  may  be  incorporated  into  the  soil  or  used  as  mulches.  Heavy 
rates  of  application  are  the  rule.    Thus  they  nave  the  double  effect 
of  contributing  some  plant  nutrients  and  improving  the  physical  condi- 
tion of  the  soil* 

Sometimes  the  amendments  represent  utilisation  of  materials  that 
otnerwir  *  would  be  wasted.    Some  nave  an  unusual  composition,  and 
special  practices  are  heeded  to  use  them  successfully. 

In  coraposttegi  a  microbiological  process,  organic  materials  are 
partially  decomposed  by  the  activity  of  microbes.    Hemieellulosss  (tb* 
gumlike  substances),  cellulose  (the  plant  fiber),  and  lignin,  (the  woody 
material)  make  up  50  to  55  percent  of  mature  plant  materials.  The 
lower  percentages  occur  in  the  leguminous  plants,  the  intermediate  ones 
in  noniegumihotts  crops ^  and  the  higher  amounts  in  wood*    Tue  rest  of 
the  plant  is  largely  water-soluble  substances  and  protein  and  small 
mounts  of  fat  end  ash. 

Microbes  readily  attack  the  water-soluble  substances,  hemicelluloses, 
and  cellulose,  which  rot  quickly. 

Lignin  is  quite  resistant  to  attack.    Its  nature  changes  somewhat, 
but  it  disappears  only  slowly. 

From  the  readily  decomposable  substances,  microbes  get  energy  to 
cany  oh  their  activities  and  the  carbon  they  heed  for  building  their 
ceils. 

About  20  percent  of  the  carbon  in  the  decomposed  part  may  be 
>    synthesized  into  microbial  cells.    The  remainder  enters  the  air  as  carbon 
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dioxide  and  becomes  available  for  photosynthesis  by  hew  generations 
of  plants • 

About  one-half  of  the  total  dry  matter  originally  present  is 
decomposed  by  the  time  the  compost  is  ready  foi^ use*  Three-fourths 
of  this  loss  is  represented  by  a  decrease  in  her. Jl celluloses  ana 
cellulose. 

j      Microbial  cells  cc;rr,ain  5  to  1G  percent  of  nitrogen*    Sb^  if  large 
amounts  of  energy  substances  are  present,  considerable  nitrogen  is 
needed  for  synthesis  of  cells.    The  amount  of  energy  available  and 
consequently  the  amount  of  iiitrogw  needed  depend  on  the  amount  of 
material  susceptible  to  decomposition  by  the  inicrobes. 

Materials  like  sphagnum  pl/^ts  and  highly  Unified  wood  tissues, 
vhich  resist  decomposition.  h&  ♦  .  low  nitrogen  requirements*    For  the 
usual  farm  crop  residues,  z.  nitrogen  content  of  1.5  percent  is  enough 
for  a  maximum  rate  of  decu*v^    -ion.    Microbes  do  not  assimilate  all 
the  nitrogen  in  materials  v,hat  l^ive  higher  nitrogen  values,  and  the 
excess  is  subject, to  loss  by  volatilization,  leaching,  or  denitri- 
fication*    Actually,  values  of  1  to  1.25  percent  of  nitrogen  are 
adequate. 

Mature  nonleg7?mnous  plant  residues  arc*         'A  nitrogen  and  high 
in  substances  thai  supply  energy  f or _ micro'oidl  growth.    When  they  are 
incorporated  into  soil,  microbes  assimilate  available  nitrogen  from 
the  soil  and  cause  a  shortage  of  nitrogen  for  crop  growth • 

This  nitrogca-depleting  effect  can  be  overcome  by  adding  enough 
available  niiuOgen  to  supply  the  needs  of  the  microbes.    The  nitrogen 
may  be  supplied  by  commercial  fertilizer  added  with  the  organic  matter 
if  it  is  turned  under  directly.    If  used  as  bedding  for  livestock,  the 
feces  and  urine  of  animals  supply  the  nitrogen.    A.  third  (but  more 
expensive )  way  to  overcome  trie  nitrogen -depleting  effect  is  to  compost 
the  material^ 

Two  main  objectives  are  accomplisned  by  composting. 

First,  readily  decomposable  substances  are  removed ,  and  the  per- 
cwTt«f<»?  of  nitrogen  coi  tent  is  increased*    Thus  there  is  no  danger 
that  a  nitrogen  shortage  will  be  induced  when  composts  #re  added  to 
soils. 

Secbr^^  the  physical  nature  of  the  material  is  changed.  The 
dp^'xmposition  bi'  cellulose  causes  the  pliht  material  to  lose  its 
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strength  and  to  break  easily ;    It  becomes  friable i  crarabiyi  and  easier 
to  handle  ahd_  incorporate  into  the  soili    That  is  important  when  hand 
tools  or  small  tillage  implements  are  used* 

With  some  materials,  such  as  manure  or  municipal  garbage,  a  third 
result  of  composting  is  the  removal  of  obnoxious  odors • 

The  composition  of  composts  is  variable.    The  moisture  content  is 
usually  in  the  neighborhood  of  75  percent,  but  it  may  be  as  low  as  1*0 
percent.    A  high  moisture  content  makes  the  finished  compost  weigh  more 
than  the  dry  weignt  of  the  material  originally  placed  in  the  heap,  that 
is  the  basis  of  statements  that  1  ton  of  plant  residues  will  produce  2 
tons  or  more  of  compost.    Its  value,  sf  course,  is  In  the  dry  matter. 

Composts  commonly  contain  Z  percent  of  nitrogen,  but  the  content 
may  be  1.5  to  3<5  percent  in  the  dry  matter. 

The  phosphorus  content  of  dry  composts  is  about  0.5  to  1.0  percent* 
Potassium  values  probably  are  twice  as  Mgh.    These  values  will  be  corres- 
pondingly higher  if  phosphate  and  potash  are  added  to  the  compost. 

The  nitrogen  of  composts  is  only  slowly  available  and  never  apcroache 
tnat  of  inorganic  sources  of  nitrogen.    Its  slov  availability  lowers 
the  possibility  of  leachihs  and  extends  availability  over  the  entire 
growing  season.    Presumably  tne  availability  of  phosphorus  and  potassium 
in  composts  approaches  thr.t  of  inorganic  sources. 

Composts  are  essentially  low-analysis  fertilisers,  and  large  amounts 
most  be  used  to  obtain  ac- actuate  additions  of  plant  nutrients  to  soils. 

The  maximum  effects  of  composts  on  soil  strv.ctvu^«-djicreased  aggre- 
gation, pore  spacer  a:jd  water-hoi ib*?  ability— and  on  vrop  yield  usually 
occur  only  after  several  years m 

Compcst£  increase  crop  yields  a3  .^cl\  as  do  equal  ad^itxjns  of 
manure  from  the  bedding  of  horses  and  caicle*    Compost?  should  be  used 
in.  mucn  the  sane  way  a*  manure  with  regard  to  amount  and  raethed  of 
application  and  reinforcement*    Because  compost  is  life©  fanqyard  manure 
in  physical  hatur      coriposit  ±ohj  and  value,  ve  sciiietimes  call  it  syrn 
the tic  nanure. 

Composts  are  good  to  use  at  .uilchew  in  gardei \z  or  arpiind  snrubbery. 
Applied  2  or  3  inches,  deep,  they  conserve  soil  moisture,  lower  soil 
temperatures  in  hot  weather,  help  control  we-^os,  and  cdiwibate  nutrients. 

\  • 
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Application*  oh  small  areas  of  large  amouats  of  compost  may  supply 
the  entire  nutrient  xiaeds  for  the  successful  production  of  crops i»  If 
the  composted  materials  come  from  a  large  area,  the  land  from  which  they 
come  loses  its  share  of  organic  matter*    One  can  overcome  some  of  that 
loss  by  using  rotations  of  sod  crops  whose  roots  restore  the  physical 
condition  of  the  soil*    Th»  amount  of  organic  matter  that  can  be  re^unjed 
to  the  soil  oyer  any  large  area  of  letnd  can  be  no  larger  than  the  amount 
produced  on  it*    Because*  furthermore,  son*  is  used  by  animals  and  man, 
only  moderate  rates  of  compost  applications  can  be  attained  over  any 
large  area* 

Before  you  decide  whether  to  practice  composting  in  practical  farm- 
ing operations,  you  should  compare  the  soil- improving  value  of  compost 
and  that  of  the  fresh  residues  from  which  it  is  made* 

In  12  years  of  comparisons  at  the  Rothams ted  Kxperimental  Station 
in  England,  turning  undar  fresh  straw  to  which  nitrogen  was  added  gave 
10  to  20  percent  greater  yields  of  potatoes,  barley,  and  sugar  beets 
than  composts  prepared  from  the  sams  amount  of  straw  and  nitrogen* 


It  the  New  Jersey  Agricultural  Experiment  Station,  fresh  residues, 
applied  on  an  equal  organic  ^matter  basis,  produced  double  or  triple  the 
aggregation  of  silt  and  clay  particles  produced  by  composts  prepared 
ti'bm  ihe  same  materials* 

One  must  also  realize  that  (since  one  half  the  organic  matter  is 
lost  in  composting)  fresh  residues  applied  at  the  same  rate  will  cover 
twice  the  area  that  can  be  covered  by  composts*    When  it  is  feasible 
to  do  so,  one  should  return  plant  residues  directly  to  the  soil  in 
preferences  to  composting;  doing  so  leads  to  greater  soil  improvement 
and  saving  of  labor*    Sufficient  nitrogen  and  other  nutrients  in  the 
fora  of  cojauercial  fertilizers  should  be  added  to  meet  the  heeds  of 
the  crop. 

In  some  situations,  however,  composting  meets  a  nesd  and  is  a 
highly  desirable  practice* 

Tha  first  is  in  areas  where  commercial  fertilizers  are  expensive, 
labor  is  cheap,  and  implements  are  simple.    Composts  prepared  from 
plant,  animal,  and  human  wastes  have  been  used  extensively  f  ir  many 
centuries  in  India,  Japan,  and  China*    More  than  one -half  the  nitro- 
gen and  a  higher  proportion  of  the  phosphorus  and  potassium  returned 
to  th?  soil  in  Japan  in  19U6  were  supplied  by  composts.  Composting 
practices  in  some  countries  include  the  use  of  town  ^ai'bago  and  night 
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soil;  a  supplementary  benefit  thus  is  improved  sanitation. 

Composts  also  are  used  when. soil  is  used  intensively  as  in  market 
gardening,  in  which  frequent  tillage  and  almost  complete  removal  of 
crops  (sometimes  even  the  roots)  may  lead  to  soil  deteriorations  Com- 
posts are  used  to  overcome  this  effect. 

Special  composts  are  heeded  for  growing  mvishrooms.    Th«sy  used  to 
be  prepared  from  horse  manure,  but  more  and  more  they  are  made  from 
definite  mixtures  of  plant  products  and  commercial  fertilizers,  which 
supply  nitrogen  and  potash. 

The  most  prevalent  composting  in  the  United  States  is  by  gardeners 
who  save  garden  residues,  weeds,  tree  leaves,  lawn  clippings,  and  kitchen 
wastes. 

Compost  is  produced  commercially  in  many  places. 

A  few  operations  in  the  United  States  are  using  manure  from  stock- 
yards or  large  dairies.    An  installation  at  the  stockyards  in  Chicago 
uses  a  mechanized  process  and  can  treat  SO  tons  of  manure  daily.  Plans 
have  been  made  to  compost  all  of  the  7S, 00©  torn  of  manure  produced 
annually  at  the  stockyards.    These  preparations  command  a  premium  price 
and  are  used  on  gardens  and  lawns. 

A  plant  at  Oyster,  Holland,  produces  120,000  tons  of  compost  a  year 
from  municipal  refuse.    The  annual  production  of  compost  is  sold  at  a 
low  price  to  farmers,  and  the  demand  for  it  is  greats 

In  general,  it  may  be  said  tnat  commercial  production  of  compost 
ia  limited  tc  situations  where  the  cost  of  assembling  the  material  is 
not  charged  to  the  composting  operation  itself . 

Two  sources  of  constable  material  may  get  greater— wood  residues 
Urom  lumoering,  woodworking  plants,  and  improvement  cuttings  in  forests) 
and  organic  wastes  in  citlss. 

The  total  annual  quantity  of  unutilized  wood  residues  was  estimated 
in  19$6  by  the  Forost  Service  to  be  l.U  oillion  cubic  feet  at  sawmills 
and  woodworking  plants.    An  almost  equal  quantity  was  left  as  logging 
res  dues  in  the  forests,    about  ?GC  million  cubic  feet  of  tne  residues 
at  sawmills  and  plants  was  fine  material,  such  as  sawdust,  wh'.ch  requires 
nc  further  reduction  in  size  for  use  in  soil  improvement.    A  large  part 
Of  the  wood  residues  accumulate *  at  points  remote  from  possible  agri- 
cultural use,  but  in  some  sections  as  in  the  North  Central  States § 
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nearly  ail  timbering  operations  are  oh  farms..  Wood  residues  are  also 
quite  accessible  for  agricultural  use  in  the  Northeast  and  the  South. 

The  use  of  these  residues  has  been  confined  mainly  to  sawdust  and 
shavings  because  of  their  favorable  physical  form  and  accumulation  in 
large  amounts. 

All  available  supplies  of  sawdust  and  shavings  in  parts  of  New 
England  are  used  as  bedding  for  dairy  cows.    The  manure  is  used  on 
crops*    Waste  wood  is  also  converted  to  chips  for  use  as  bedding  The 
cost  may  be  so  higa,  however,  that  the  use  of  chips  may  be  restricted 
to  localities  where  supplies  of  sawdust  and  other  forms  of  bedding 
are  inadequate  and  transportation  costs  make  wood  chips  competitive 
with  other  bedding  materials* 

Wood  residues  can  be  incorporated  directly  into  the  soil.  They 
also  can  be  composted.    Both  sawdust  and  woodchips  make  excellent 
mulches  for  olueberries,  strawberries,  fruit  trees^  ornamentals,  and 
garden  crops.    Because  woody  plant  materials  are  low  in  plant  nutrients, 
they  need  extra  nitrogen  and  phosphate  when  tliey  are  composted  or  add- 
ed to  soil. 

Municipal  organic  wastes  of  garbage  and  street  refose  are  compost- 
ed for  agricultural  use  in  mar<y  European  citiesaiKi  in  the  _Far  East. 
In  this  country  they  have  been  disposed  of  mostly  by  land  filling, 
soil  burial^  or  incineration^  but  there  is  ah  increasing  interest  in 
the  possibility  of  disposing  of  them  by  composting  because  of  the  grow- 
ing scarcity  of  areas  to  be  filled  in,  objections  to  air  pollution 
produced  by  incineration^  and  the  possibilit3r  of  reducing  costs  of 
waste  disposal  from  the  sale  of  the  compost. 

The  staff  of  the  Sanitary  Engineering  Research  Project  of  the 
University  of  California  in  1953  completed  a  series  of  experiments  on 
composting  municipal  wastes.    They  found  that  a  wide  variety  of  wastes 
cmld  be_ composted  successfully.    Shredding  the  material  (after  cans 
and  bottles  have  been  removed)  to  permit  uniform  mixing  was  found 
desirable.    No  further  modification  was  found  necessary.    Turning  the 
heaps  every  3  or  k  days  meant  thai  finished  compost  could  be  produced 
In  2  or  3  weeks.    The  composts  contained  as  much  plant  nutrient  as 
did  composts  from  crop  residues.    Its  value  for  soil  improvement- 
should  equal  those  of  manure  or  compos*x«f  farm  residues* 


Almost  any  natural  organic  product  can  be  composted  with  proper  

care — cornstalks,  straw,  hay,  tree  leaves,  wood  residues,  coconut  husks, 
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animal  and  human  excreta*  garbage ^  Hastes  from  wineries  and  brew- 
eries* and  many  more*    The  microbes  are  hot  choosy* 

For  making  composts,  you  wast  provide  proper  aeration,  moisture* 
nutrients,  and  temperature  for  microbial  decomposition.   Those  factors 
and  the  nature  of  the  material  affect  the  time  required  for  prep- 
aration and  the  final  composition.    Composting  is  usually  carried  but 
by  piling  organic  materials  into  heap©  where  reasonable  control  of 
these  factors  cm  be  maintained* 

Air ^should  penetrate  the  entire  compost  he«p  to  allow  microbes 
to  act  and  finish  the  compost  in  a  minimum  of  time*   Aeration  depends 
on  size  of  ^ir  spaces  within  the  heap,  the  height  of  the  pile,  and  the 
moisture  content* 

The  coarse  rat erials ^  i^e  cornstalks j  cause  large  air  spaces , 
excessive  aeration,  and  rapid  loss  of  moisture  and  heat  from  the  heap* 
They  should  be  cut  to  6-inch  lengths ^or  mixed  with  finer  materials 

before  composting.  Recessive  aeration  can  be  reduced  fcjjr  compacting 

the  pile  and  by  increasing its  height.    Fine  mat  erials  j  such  rs  raw- 
dust,  are  hard  to  aerate^and  may  be  mixed  with  coarser  materials  or 
turned  oft aners    Gereai  straws  and  tree  leaves  have  good  properties 
for  compost ingi 

Compost  heaos  should  be  built  no  n#re than  6  feet  high  so  air 
can  penetrate  to  the  bottom  of  the  ptie*    Width  and  length  may  bs 
adjusted  for  convenient  handling. 

Excessive ^moist^e  cuts  aerrtion  by  f tiling  air  spaces  in  the 
material  and  by  increasing  compaction* 

Only  a  slow  partial  decomposition  takes  pl^ce  when  aeration  is 
insufficient*    Intermediate  products  of anaerobic  microbes^  such  as 
or**nic  acids  and  reduced  nitrogenous  and  sulfur  expounds,  are 
formed.    Many  have  offensive  odors  • 

The  physical  nature  of  the  composting  ratertai  frequeatly  is 
altered  little  under  anaerobics  conditions,  and it  remains  fm'd  to 
handle*    Poor  aeration  is  overcome  ty  turning  the  heap* 

Tie  campostirg  material  should  be  kept  damp  bgt  not  j^et  encugh 
to  cause  liquids  to  triukle  dewi  and  collect  at  the  bottom  of  the 
heap.    The  weight  of  the  moisture  should  be  1  to  2 ;S  times  that  of 
the  dry  organic  materia?..    Decoffipositi en  is  slowed  down  when 
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the  heap  is  drier  than  that:    anaerobic  conditions  set  ihj  p^iailirly 
it  the  bottcin  of  the  heap,  when  it  ia  wetter.    Water  is  best  applied 
to  the  layers  as  the  pile  is  built  up. 


Many  fresh^iy  plimt  residues  are  somewhat  hard  tbwet.   They  can 
be  wetted  beet  ^  applying  the  water  in  a  fine  spray*    If  necessary  j 
water  should  be  added  on  2  or  3  successive  days  at  the  start  of  the 
composting  period* 


Letting  water  run  out  at  the  bottom  ofthe  pile  should  be  avoided 
because  nutrients  are  losto    Frssh  green  materials j  such  as  grass  clipp- 
ings, contain  too  Much  moisture  for  proper  composting*   They  should  be 
loft  to  wilt  before  piling  or  should  be  nixed  with  about jme-third 

their  weight  of  dry  material.    Rafafa^  mar/  incr^pe  moistcre^in  the  

heap*    If  the  moisture  becomes  excessive,  it  can  by    *  ^ced_by  turning 
and  loosening  the  pile  •    Small  heaps  that  have  a  high  proportion  of 
exposed  surface  may  became  unduly  dry.   Water  should  be  added  to  them 
as  needed * 

Host  plant  residues  will  form  composts  in  time  if  they  simply  are 
put  in  a  heap  and  kept  moist* 

Sometimes  nutrients  are  added*   Mature  residues  of  nonleguminous 
plaits  require  the  addition  of  about  15  pounds  of  actual  nitrogen  per 
ton  of  dry  material-«-*qual  to  the  nitrogen  in  70  pounds  of  asaonium 
sulfate  or  calcium  cyanamide,  U5  pounds  of  cvnmonium  nitrate,  or  30 
pounds  of  urea.   Any  of  them  are  satisfactory*   Calcium  cyanamide  and 
urea  give  a  slightly  basic  reaction,  which  promotes  rapid  decay*  If 
assnonium  sulfate  is  used;  ah  equal  amount  of  finely;  ground  limestone 
should  be  added  to  neutralise  the  acidity  arising  from  the  sulfate 
anion; 

Residues  of  leguminous  plants  arid  young  nonleguminous  plants 
may  contain  1*5  to  3*5  percent  of  nitrogen  and  ne©d  no  additional 
nitrogen.    Substantial  losses  of  nitrogen  octut  if  such  residues  are 
composted  directly,  because  the  amount  of  nitrogen  present  is  in 
excess  of  that  assimilated^  the  microbes.    Sucli  materials  should 
be  mixed  with  resic&tes  of  low  nitrogen  content.    Two  or  three  parts 
of  mature,  nonleguminous  residues  mixed  with  young  plants  or  with 
leguminous  plants  give  a  satisfactory  mixture. 

Other  organic  nitrogenous  substances,  such  as  cottonseed  and 
soybean  meals  and  dried  blood,  may  be  added  to  composts  to  give  \,he 
proper  nitrogen  content*    Thi  cost  of  nitrogen  in  these  forma  is 
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grencer  thro  in  the  inorganic  form*  Jfcdquld  and  solid  excreta  of 
anikale  and  serfage  eiudge  also  may  be  used  iVc  supply  nitrogen  to 
ccaposts  • 

The  microns  need  so  little  pboaptote  and  potash  that  brdihaiy 

plant  residues  supply  enough  for  composting*  To  a  aw  cast  or  plant 

residues  that  become  leached  before  composting |  it  may  be  vise  to 
aid  phosphate  and  p^ash^-about  2G  pounds  (or  3  gallons)  of  super- 
phosphate and  $  or  10  pounds  of  potassium  sulfate  or  potassium  - 
chloride  to  a  ton  of  residue* 

I         The  phosphs^e  and  potash  increase  the  fertilising  value  of  the 
resulting  compost,    A j complex e  fertilizer  with  an  analysis  such  as 
10-6-4i  may  be  used  to  supply  rJL^rogen^  phosphate^  and  potash.  JFhe 
fertilizer  should  be  added  to         the  proper  amount  of  tiitrcgen  in 
the  beginning  composti   Extra  crre  should  be  taken  to  pi.*event  leach- 
ing*   If  that  cannot  be  done,  its  is  preferab?*.*  to  reinf  orce  ^he  com- 
post when  it  is  applied  to  the  soil  instead  of  is  th$  pile* 

Potting  proceeds  slowly  at  ts&iiperatures  near f^eesing.  Micro- 
bial processes  increase  at  higher  temperatures,    the  rate  nearly 
doubles  for  every  rice  of  18°  F.  Jia  temperature* 

Microbes  thew&olves ,  produce  he*t  as  a  byproduct  of  the  decom*- 
positibiu    They  releaa*  laj*ge  amounts  of  heat  in  the  pile  j  since*  it 
is  nearly  self -insulating,  the  tw^rature  of  the  pile  rises ^  Mi- 
crobes tfxat  grow^best  at  bx^iiy  tei^raturcs  initiate  the  decom^ 
position  and  carry  it  ah  until  a  tei^per&ture  of  about  U$°  to  120° 
is  reached.    That  temperature  kills  them,  and  another  group  of  *i-  - 
crobes  takes  over.    They  are  called  ths^bphil^s,  or  thermophilic 
organisms,  because  they  can  caxvy  oh  at  hi^.temp^ratvrea.  They 
raise  the  te^erature  inside  the  heap  to  liiOo  to  170° .    This  rise 
in  temperature,  which  usually  peroiets  2_or  3  w*efc/9,  indicates  -ti;Jt 
the  composting  is  proceeding  normally.    It  greatly  rhorteiis  the 
tjjng  required  for  the  decay  of  the  plant  material*   The  rapid  clvseipaticm 
of  heat  in  smsli  or  open  heaps  may  keep  temperatures  down  tod  Ijk. 

The  high  temperature  also  kills  disease-^usih^  ttrpaisjiig, 
insects,  and  weed  seeds, ^except  in  the  outer  parts  and  the  bottom 
of  the  heap. _Jfib«j  the  heap  £s  turhedj  those  parts,  should _*n  1  liv- 
ed to  the  center  of  the  pile  so  that  they  also  will  be  objected 
to  the  high  temperaturea* 

Residues  of  <ii8easad  plants  should  be  composted  only  if  7  hey 
can  be  completely  subjected  to  the  higfi  temperatures  in  thi  iniairior 
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of  the  heap*  That  ia  seldom  possible  with  email  piles;  if  so,  they  should 
be  burned  to  avoid  spreading  disease. 

Turr*      >  a  ^ompoot  heap  hastens  the  decomposition  by  increasing 
the  supr  ;    >         for  the  microtis  0    Heaps  may  be  tumod  every  3  or  U 
diyS        r lercial  operations.    In  some  me^  nized  processes ,  air  is 
Mr^i  Continuously  through  the  composting  mixture*    In  farm  and  garden 
p^acriicas^  the  compost  should  be  turned  at  least  onco  about  every  3 
weeks  after  its  preparation.    More  frequent  turning  is  desirable  to 
assure  mixing  and  more  uniform  decomposition  of  the  heap*   The  number 
of  turnings  may  be  adjusted  to  facilities  available  and  the  desired 
time  for  completing  the  compost* 

Occasionally  seine  practices  are  advocated  that  are  hot  essential* 
Inoculation  with  prepared  cultures  of  microbes  is  sometimec  said  to 
hasten  the  process  and  lead  to  a  better  product* 

_i_  ^Experiments  at^hejfniversity  of  Galifbniia  tested  soil,  horse 
iranure,  pc*rtially  composted  material,  and  a  commercial  preparation 
of  selected  cultures  as  inoculants.    None  had  any  significant  effect 
on  the  course  of  composting*   It  appears  that  the  materials  use^in 
composting  have  enough  of  the  microbes  on  their  surfaces  to  start 
find  continue  decompositions 

Mixing  small  anounts  of  soil  tnto^compocts  in i  urmecessax^i  bat 
the  soil  may  help  conserve  nitrogen  end  other  nutrients^    A  thin  layer 
of  soil  on  the  Outside  surfaces  of  a  heap  will  aid  in  retaining  mcis-  : 
tare*       shallow  pit  does  the  s#unej  but  the  pit  should  be  in  a  well- 
drained  place1  because  accumulation  of  water  in  a  poorly  drained  pit 
will  produce  anaerobic  conditions * 

Whefr  is  the  composting  prr^iw  completed?   In  2*rg«>  well-, 
prepared  heaps i ,  a  drop  in  Uie  >«t  Ot  j  j  *  t  emperature  tc •  values  near 
air  temperature  and  easy  cnm^Ug      the  materials  in  the  fw:&£ 
indicate  bcwpletion* 

\ 

Pull  composting  in  stfail her.ps  usually  r^u±res  3  m^tthe  under 

favorable  conditions  of  J»cl?5tur€  and  temperature*   Compost*  pre-  

pared  late  iii  the  fall  in  regions  of  coid  winters  may  not  be  rfadty 
for  use  until  early  the  next  euiroer*    Under  commercial  conditions^ 
with  large  heaps  and  frequent  turning,  composting  time  rany  be  short r' 
ened  to  2  or  3  weeks.   With  sane  mechanised processes ^  oni^  1©  daj>3 
arerequired  for  fresh  material,  and  that  may^be  shortened  to  3 
days  if  the  beginning  material  is  already  partly  decomposed* 


./ 


Bins  of  simple  construction  are  desirable  for  heme  or  garden- 
scaie  compost ingi    A  bin_will«  he3p  to  maintain  moisture  at  the  edges 
of  the  heap  and  prevent  blowing*    It  should  be  about  U_iseet  wide,  _ 
5  feet  high,  and  jus  long  as  needed  to  bold  the  material  available  for 
composting*    No  floor  is  needed. 

It  is  well  to  have  two  bins  side Jty  side  with  one  ^cdimnbri  wain  • 
The  compost  nyy  be  forked  then  from  one  bin  to  the  other  for  turning 
and  rlxLng.    The  compost  that  is  ready  for  use  may  be  kept  in  one  bin 
while  fresh  compost  is  started  in  the,  other*/ 

Snow  fencing  with  posts  at  the  corners  makes  a  satisfactory  bin, 
A  variety  of  timbers,  arranged  in  iogAcabih  fashion*  or  boards  hailed 
to  corner  posts  provide  satisfactory  enclosures*    Drily  harrow  cracks 
should  be  left  between  the  timbers  or  boards r    Moi^e  permanent  structures 
may  be  built  of  concrete  blocks  or  bricks*   Small  openings  should  be 
li£t  near  the  bottom  of  such  walls  to  permit  penetration  of  air.  One 
end  of  the  bin  should  be  closed  with  removable  boards  to  permit  access 
for  mixing  and  removal  of  the  composts 

Peat  is  a  widely  used  organic  soil  airendi  errti    It  is  made  up  of 
plant  remains  that  have  accumulated  over  the  centuries  under  relatively 
airless  conditions  in  bogs.  c 

Peats  may  be  divided  into  two  main  types^  according  to  the  kind 
of  plants  from  which  they  were  formed.    One  Is  sphagnum  peat—or  peat 
moss,  or  higbmoor  peat«~-which  is  derived  f*o»  species  of  the  sphagnum 
plant.    The  other *  formed  from  the  sedges,  reeds,  mosses,  or  trees  is 
called  iowmbor  peat.  / 

Peat  derived  from  trees  is  sometimes  grouped  serarateiy  as  forest 
peat,  or  peat  mold*    It  is  ihteraedtfate  in  ccmpositicfci  between  sphagmun 
peat  and  that  derived  from  sedges  afid  reeds.    Forest  beat  contains  many 
finely  divided  particles  of  wood  aha  is  often  used  fo«^mulching. 

Sphagnum  peats  of  a  d^--mattej/  basis  have  an  ash  extent  usually 
below  5  percent,  nitrogen  l^percent  or  less,  and  phosphorus  and  pot- 
assium below  Oil  percent.    They  are  very  acid,  with  pH  values  between 
3.6  and  Fresh  sphagnum  peats  have  a  high  water-holding  capacity 

equal  to  15  to  30  times  their  own  weight,  but  that  is  cut  in  half, 
following  dryings    eeHulose  and  hemicelluloee  snake  up  about  HQ  per- 
cent  of  sphagnum  peat's,  but  they  are  resistant  to  decomposition  by 
microbes. 
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Lowaoor  peat  a  are  more  variable  than  sphagnum.    Their  dry  matter 
contains  $  to  hO  percent  of  ash,  1,5  to  3,5  percent  of  nitrogen,  and 
less  than  0,1  percent  of  phoephorue  and  potassium.    They  can  hold  j  to 
8  times  their  own  weight  of  Hater*    Their  pH  values  range  from  3*5  to 
7,0,    Becau^i  moat  of  the  cellulose  and  hewdcellulose  in  them  has  been 
decomposed,  they  have  a  high  amount  of  Ir^rilifce  substances. 

Peats  improve  the  water-holding  abJJu,^  of  moot  soils  and  give 
better  physical  structure  to  fine  soils.    Heavy  applications  equal  to 
25  to  50  percent  of  the  volume  of  the  soil  often  are  made  with  that  in 
mind.    They  are  used  mostly  bh  specialty  crops  and  home  grounds* 

Undeconppsed  of  slightly  decomposed  forms  of  sphagnum,  if  incor- 
porated into  the  soil,  require  small  amounts  of  nitrogen.   Acid  peats 
are  used  for  acid-loving  plants  as  a  direct  growth  medium  or  by  mix- 
ing into  the  soil  or  as  a  mulch  on  the  place  where  they  are  grown. 
The  acidity  of  such  peats  may  need  to  be  neutralized  with  ground  lime- 
stone if  they  are  to  be  used  for  ordinary  plants. 

Peats,  especially  the  coarser  grades  of  sphagnum,  are  good  live- 
stock bedding  and  poultry  litter,  In  195©  in  the  United  States  an . 

estimated  161,000  t ofts  of  peat  were  used  for  soil  improvement  and 
31,000  tons  for  stable  bedding  and  poultry  litter, 

 Sewage  sludge  is  the  soiicto  jzumtnfrig  Jfrm  tfie^reatnwt  of  

sewage  in  disposal  plants,  Various  methods  of  digestion  and _ removal 

of  the  solids  reduce  the  organic  matter  in  the  plant  effluent  to  a 
safe  point  i  ^thp  resulting  sludge  is  filtered  off  and  may  be  burned  or 
sold  or  given  away  for  use  as  a  fertilizer, 

 f he  value  of  the  sludge  for  soil  improvement  depends  on  the 

method  used* for  treating  the  sewage, 

 Activated  sludge  comes  from  disposal  plants  in  which  aerobic 

treatment  is  obtained  by  bubbling  large  quantities  of  air  through 
the  digesting  sewage.    The  sludge  is  then  allowed  to  settle  in  large 
settling  tanks,  drawn  off,  arid  filtered.    The  filtered  material  still 
contains  80  to  85  percent  of  water.    If  it  is  to  be  sold  as  ferti- 
liser, it  is  dried  by  heat  to  a  moisture  content  of  $  to  10  percent. 
Activated  sludge  contains  30  to  U6  percent  of  ash,  5  to  6  percent  of 
nitrogen,  and  1  to  3,5  percent  of  phosphorus. 

Digested  sludges  came  from  disposal  systems  in  which  solids 
are  allowed  to  settle  out  and  are  then  digested  anaerohically ♦  On 


80 


75 


ERIC 


a  dry -matter  basis,  they  contain.  35  to  60  percent  of  ash,  1  to  3 
percent  of  nitrogen,  and  0.5  to  1*5  percent  of  phosphorus*  They 
are  allowed  to  air-dry  on  sand  filter  beds  outaide  or  in  green- 
housea  where  they  are  protected  from  rain*    Because  of  their  low 
content  of  plant  nutrients,  they  are  seldom  sold  for  fertilizer; 

Activated  sludge  hae  a  higher  nutrient  content,  lower  moisture, 
better  physical  condition,  and  no  odor.    Available  nitrogen  in  acti- 
vated sludge  is  almost  equal  to  that  in  cottonseed  meal  and  costs 
about  the  same.    When  it  is  added  to  soil,  about  one-half  the  nitro- 
gen is  nitrified  in  h  weeks.    More  than  50,000  tons  of  activated 
sludge  are  produced  annually  by  the  sewage  disposal  plant  of  Mil- 
waukee, Wis.    There  is  a  wide  demand  at  good  prices  for  this  product 
for  fertilising  grass  in  lawns,  parks,  end  golf  courses . 

AH  sewage  sludges  are  lov.    i  potassium  because  compounds  of 
potassium  dissolve  readily  in  -  ..er.    Ti  ay  must  then  be  supplemented 
with  a  potash  fertiliser  when  -cad  on  soils  that  have  too  little 
potassium;    Additional  phosphate  also  is  needed  on  seme  soils,  depend- 
ing on  the  amount  of  sludge  used. 

Sludge  contain  appreciable  quantities  of  minor  elements, 
copper,  boron,  manganese,  molybdenum,  and  zinc.  A  few  experiments 
indicate  that  they  are  available  for  plant  growth.  : 

Sanitary  aspects  must  be  considered  when  digested  sludges  aro 
applied.    Pathogenic  organisms  may  escape  the  treatment  process.  It 
ig  not  advisable  to  use  digested  sludge  on  root  corps  or  low-growing  vege- 
tables that  are  to  be  eaten  raw.    Incorporation  into  the  soil  3  months 
ahead  of  planting  leads  to  destruction  of  the  disease  organisms . 
Digested  sludges  give  rise  to  bad  odors,  which  can  be  overcome  by 
immediate  incorpc  ation  into  the  soil.    Activated  sludges  have  no 
bad  odor  and  micr  bes  are  killed  in  the  heat  tretvment . 
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A  watershed  is  a  drainage  area  containing  a  few  th^isaty?  or  a  few 
hundred  thousand  acres p  from  which  water  drains  toward  a  single  eha^li 
It  is  a  social  and  econanic  unit  for  community  development  arid  cori 
t ion.  of  water,  soil,  forests,  and  related  resources.    Conservation  as 
oh  the  watersheds. 

Conservation  based  on  management  of  watersheds  goes  far  back*  _In 
1867  a  ccmmission  established  by  the  Wisconsin  State  Legislature  pointed 
out  the  relationship  between  forest  coyer  and  streamflow*    A  New  YorS 
State  Carcnission  in  1872  investigated  the  desirability of  maintaining 
the  forests  of  the  Adirondack  Mountains  for  th$  purpose  of  benefiting 
the  Hudson  and  other  rivers  and  the  Erie  Canal.    The  American  Forestry 
Congress  in  1886  adopted  a  resolution  directing  attention _to__the  value 
of  public  lands  at  the  sources  of  streams  in  the  preservation  of  water 
supplies  and  urging  that  those  lands  be  kept  for  public  use  "with  a  view 
to  maintaining  ans  preserving  a  full  supply  of  water  in  all  rivers  and 
streams."    In  1891  the  first  forest  reserves  were  set  aside  under  authority 
granted  by  the  Congress.    In  1897  the  Congress,  in  enacting  the  Organic 
Administration  Act  for  national  forests, established  as  one  of . the  prin- 
cipal purposes  of  such  forests  the  ''securing  of  favorable  conditions  of 
water  flows." 


SURFACE  IRRIGATION 


There  a      c         general  i^thbds  of  anp'         irrigation  w~ter  tc 
the  land. 

In  surface  irrigation  the  soil_  is  the    ji     -oir  from  which  the 
plants  draw  the  water  they  need.    The  soil  also  conveys  and  dis- 
tributes the  water  over  the  field. 

In  sprinkler  irrigation  the  water  is  conveyed  above  the  field  in 
pipes -9  arid  the  aoil  acts  as  a  storage  reservoir. 

In  subirrigation  th*  water  flows  underground,  and  the  capillary 
water  moves  upRArd  toward  the  surface  of  the  land  to  meet  the  needs 
of  the  crops. 

Surface  irrigation,  with  which  this  chapter  daals,  includeb  the 
general  method    of  flocd  and  furrow  and  corrugation  irrigation. 

In  flood  irrigation,  the  rater       permHoed  to  cover  the  surface 
of  the  land  in  a  continuous  sheet.    Theoretically  the  water  should  be 
standing  at  every  point  in  the  fields  just  long  enough  for  the  soil 
to  absorb  the  whole  amount  of  water  needed  to  refill  the  root  zdi*u 
But  under  practical  field  conditions  it  is  solder,,  possible  to  meet 
the  theoretical  requirement  compiet*iy--sbme  parts  of  the  field  usu- 
ally receive  tod  much  water  if  al3  parts  receive  adequate  water,  If 
the*  uize  of  the  irrigation  stream  is  properly  balanced  against  the 
intaJcc  rate  of  the  soil,  the  tot^i  depth  of  water  to  be  stored  in  the 
root  zone,  and  the  area _  t-c  be  cq*e*ed  by  the  stream,  however,  the 
Results  will  be  reasonably  uniform 'and  efficients 
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rioc*l  irrlf  ation  ixicludes  several  methods:    Border  strip  basin 
ccncour  or  bench  boiler  irrigations  flooding  from  contour  ditches , 
wild  flooding,  r-vi  border  ditch i 

The  object  of  border  strip  irrigation  is  to  advance  a  sheet  of 
water  down  a  naridw  strip  between  low  ridprs  o*  bonders  and  to  get 
the  water  into  the  soil  as  the  sheet  advance si.    Trie  strip  must  be 
well  leveled  between  the  border  ridges  and_the  grade  down. the  strip 
must  bo  fairly  uniform  to  avoid  pqndingi    The  ridges  should  be  low 
and  rounded  so  they  can  be  planted  with  the  strips  and  no  land  lost 
to  production. 

Border  strip  irrigation  is  well  adapted  for  all  close-growing 
crops  and  is  used  for  some  row  crops,  such  as  cotton •    ^ay  and  grain 
can  be  irrigated  on  uniform  slopes  up  to  3  percent i 

Established  pasture  can  be  irrigated  on  uniform  slopes  up  td_6 
percent*    The  method  car  be  used  on  soils  of  coarse  or  fine  texture. 
It  utilizes  lar£«  water  streams  safely.    Its  requirerronts  as  to  labor 
and  time  are  low*    It  provided  for  uniform  wetting  and  efficient  use 
of  water* 

B*sih  irrigation  is  adapted  especially  to  fiat  lands,    It  con- 
sists of  quickly  filling  a  diked  area  with  water  to  the  desired  depth 
and  allowing  the  water  to  percolate  into  the  soil.    It  is  desirable 
for  close  growing  crops  and  orchards  on  medium-  to  coarse -textured 
soilB  and  for  rice  that  is  grown  on  fine-text  red,  slowly  permeable 
soils.    When  the  basins  are  properly  praded  and bui  It  to  the  ripht 
dimensions  for  the  kino,  of  soil  and  water  supply,  water  can  be  ap- 
p:   id  efficiently  and  alkali  can  be  controlled. 

Contour j  or  bench  border,  irr*  ^tion  is  adapted  Id  fcirly  uni- 
form, moa3>rate  slop03  with  deep  soils s    Border  strips  are  laid  out 
across  the  slope  on  a  controlled  grade,  and  the  ridges  are  construc  t 
para    ^1  to  each  other.    If  the  strips  are  laid  out  on  a  grade*  they 
operate  about  the  same  as  does  bordar  strip  in  .patidn.    If  the  strips 
-S+M  short  and  level,  it  is  like  basin  irrigation 

F  oouxng  fi'om  contour  ditches  is  used  of  ten  oh  close-growing  _ 
crocs  on  sloping  or  rolling  lands  net  subject  to  the  derree  of  level- 
ing necessarv  for  other  methods  of  irrigations  Jfaier  isfloocgd 
downslope  betweer  closely  spaced  field  ditches  running  along  the  con- 
tour of  the  land*    The  ditches  present  the  water  from  concentrating 
and  causing  erosion.    Fairly  uniform  wetting  is  possible,  but  labor 
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sosta  of  irripp.t'.ng  are  rattier  high.    In  general^  this  method  should 
not  b*>  used  if  a  more  desirable  method  can  be  vsed. 

In  wild  flooding,  .the  stream  of  water.  is_  dlTOrted  frori  its 
course  and  allowed  to  spread  out  over 'the  field  at_ random.    It  is  not 
reconanended^  Vecause  the  low  spots  in  the  field  will  get  too  niicY 
water  and  the  high  spots  will  receive  hone* 

The  border  ditch  method  is  used  ih_ sonw  of  the  older  irrigated 
areas  of  th-s  West,  but  it-  is  not  general!)'  recommended.  Parallel 
ditcnes  25  to  206  fret  apart  are  run  dovn  the  field  in  the  cdrec  -ion 
of  the  land  rlope*    The  strips  of  land  between  the  ditches  4r_e  irri- 
gated by_diverting  the  water  at  intervals  from  either  side  of  th 
ditcfu    Tha  method  uses  w&t«r  and  labor  inefficiently.  Jhe  ditches 
often  erode  oh  the  steeper  slopes,  and  silt  full  oh  the  flatter  slopes, 
they  take  a  cbnaidereb3 3  area  of  land  but  of  crop  production  and  act 
as  a  weed  nursery  for  thtii  rest  of  the  field. 

Furrow  irrigation  is  the  most  cbninbh  method  of  applying  water, 
to  row  crops •    Water  is  applied  In  tJtie  furrows  between  the  rows  of 
plants^    As  water  runs  dow,   the  rbw^  part  of  it  isbeing  absbr>>ed 
all  along  the  furrov  and  is  laovihg  thror<rh  the  soil  to  fefi?".*:!ie 
Tncisture-stcrage  reservoir  of  the  soil  under  the  Rowing  plants.  It 
is  adao  ^6  to  all  row  crops,  truck  crops ^  orchards    vineyards,  and 
be  rj  oatcW/s  on  tohtls  si ,»>es  bh  all  but  the  coarser  soils. 

•  altivation  of  the  furrows  tJ  control  weeds  keeps  the  soil  loose  i 
Whsn  :he  furrews  run  <*' \m  the  slope*  serious  erosion  can  occur  unless 
the  size  of  the  irrigating  atr  w  is  carefully  controlled. 

rvifrbft  irriratibv   ls  usually  expensive  fr pro  a  tine  ind  labor 
standpoint      Froperly  operated,  it  is  fairly  efficient  in  its  use  of 

watery 

Convgur  fi^rrow  irrigation  is  a»i  adapoat^:n  of  furrow inri* ^tioh^ 
in  which  lis  _furrb*3  are  laid  across  the  slope i  on  a  carefully  selected 
grade  -  /  &  reduction  in  the  grade  of  the  furrows  makes  them  much  less 
subject  to  cronibn  by  i*  vlg*^ ^ion  -ftater  and  rain^ 

Corrugation  irrigation  is  well  adapted  to  close -growing  crcjs  on 
33  -:  pXl  -  and  rblDJ^g  lands  arid  to  soil  slow  to  take  water.    The  water 
is  epnl-.ea  in  small  furrows  running  down  the  slope  from  the  hsad 
ditch",     rhe  purpose  of  the  furrows  is  not  83  mtch  to  ciny  the  stream 
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of  water  as  to  puiu^  it.    Some  overtopping  of  the  ftirrow  may  occur • 
Cbrrafatibri_ irrigation  is  suitable  for  fino-textured  soils  that  taka 
the  water  slowly  arid  tend  to  seal  oyer  and  bake  when  flooded.  It 
provides  ur&fbrm  wetting  and  prevents  erosive  water  accuinuiation  on 
1  rid.tob  rolling  or  steep  for  borders  or  basins  and  mskes  use  of 
small  irrigating  streamr.    It  i  >  relatively  expensive  in  labor . 

A  farm  distribution  system  is  necessary _t:  convey  the  irrigation 
watf/r  *li  the  various  fields  from  the  point  at  which  the  water  is 
avaTabl^  on  the  f  arm. 

The  system  myst  be  designed  to  carry  ©nough  vater  tojiseet  the 
/  ^ana:<  of  the  crop  to  each  field  without  erosion  and  allow  for  ef- 
:  ert  application;    It  mast  be  laid  out  in  accordance  with  good 
management  practices.    It  must  provide  for  c^nveyirg  and  regu- 
iatitJ*  the  irrigation  stream  and  for^bhe  roads  and  drain*  that  are 
needed;    It  must  be  located _fx>  give  minimum  interference  witM  seed- 
ing, tillage,  and  harvesting; 

Open  ditches  are  the  most  common  means  of  conveying  irrigation 
vater.    In  mary  areas  the  ditches jto  each  field  are  permanently  con- 
structed and  r-uintairsd.  They  form  field  boundaries  and  have  per- 
manent conveyance         control  structures^    Often  their  banks  are 
seeded  ***  perennial  grasses  to  control  wee  is  and  provide  extra  sta- 
biUt  .    They  usually  have  fiat  bottoms*    Side  slopes  may  be  in  th 
rati:'  of  ?„;$  to  1  or  flatter,  jmd  are  devitjTiet";  to  c^rry  the  stream 
at  a  nonerosive  velocity;    Permissible  velocities  may  be  as  high  as 
6  feet  a  second  on  shales  and  hiirdpaa^  end  as  low  as  1*5  feet  a, 
aS/wirJ  in  fine  sands,  _  - 

1*.  arens  where  the  sear  ;  rtai  requirements  are  Ibwarid  drily  oae  -~ 
tvo  irri^tiens  are  requires,  ±1  is  often  wise  to  utilize  temporary 
df  ;cho&  for  ^stributing  the  w<i<:.er  to  *.he  fields.    Such  ditches  ire 
buiV  with  farm- type  ditchers;  they  may  have  flat  or  rcunteci  bottoms 
o    a  V  cross  sections 

In  medium-  and  fine -textured  soil,    aide  scopes  are  sometimes 
quite  steep  to  reduce  the  overall  width  of  the  ditch  and  to  facili- 
tate the  installation  oil  temporary  checks  or  otoer  structures.  Ihese 

~hee  ana  plowed  in  after  the  irrigation  season  ir,  correlated  as  a 
■    sure  of  weed  control  and  to  remove  obst.^/uctioriS  to  Harvesting 

ra  cions  • 
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temporary  ditches  also  are- used  for  cbriveyihg  the  water  jfrom  the 
edf?e  of  the  field  to  the  individual  furrow  or  border i    They  are  usu- 
ally installed  after  the  crop  is  planted^  are  used  during  the  irriga- 
tion season,  and  are  removed  before  harvests 

Conveyance  structures  of  various  types  are  usually  necessary  in 
open  dutches  t>>  deliver  valor  at  the  desired  elevation  bh  each  field i 
Often  an  intervening  low  a^ea  bet' son  tho  water  source  and  the  uppsr 
part  of  the  field  reoulres  t  e  use  cf  flumes  or  inverted  sibhbhs  to 
carry  the  w?ter  acrose  the  draw  or  swale.     These  permanent  structures 
should  be  well  designed  and  constructed  to  fulfill  their  purpose  and 
eliminate  excessive  maintenance* 

When  any  minor  depressions  are  encountered,  a  compacted  earth 
fill  is  often  placed  and  the  ditch  constructed  on  its  top,  Drainage 
water  sari  be  carried  from  one  side  of  the  embankment  to         ^ther  by 
a  culvert  placed, below  the  bottom  of  the  irrigation  ditch.    Such  in- 
stallations, while  relatively  cheap  to  construct,  pose  problems  of 
maintenance  and  are  subject  to  damage  from  rodents  and  burrowing 
ahi  !r»a!l  s . 

Wh©h  ditches  are  constructed  across  porous  erile^  the  loss  of 
irrigation  water  by  seepage  may  be  serious.    If  sb^  permanent  ditches 
mav  be  lined  with  such  less  periroeabls  material  as  clayp  or  bentonitea# 
The  ditches  may  be  lined  with  concreto  b*'  asphaltic  concrete  or  may 
be  sealed  by  means  of  s  thin  flexible  membrane ,    Membrane  linings  are 
usually  buried  a  few  inches  below  the  ditch  surface  to  protect  them 
from  mechanical  damare, 

!Lnpbrtaht  parts  of  anv  farm  distribution  system  are  tho  crossing 
structr^es,  which  permit  the  movement  of  machinery,  produce,  and  live- 
stock Across  the  irrigation  stream.    Often  the"  can  be  made  a  part  of 
other  structures^    Sometimes  culverts  or  bridges  are  provided. 

Son*""  51  structures  pla<  ed  i  i  or<*r  JJ:-.     _s  may  be  of  many  types. 
T"»*±r*fr.n  Mori  is  to  measure  the  ~        provide  a  me*-<as  of  diverting 
the  *ater    rbm  the  ditch^  or  to  sa:  ely  the  *-~ter  from  one  ^le- 

va >.ion  to  tether* 

To  make  proper  application  cf  the  writer,  irrirato^  should 

know  the  size  of  the  stream  he  is  usinp.    Measn*    ,g  devices  should  r« 
part  of  the  distribution  system  and\should  oermii,  the  farmer  to  r-cter- 
miho  the  flow  beir^:  delivered  to  any  roirit  on  his  iarm.  Parsna?.! 
flumes  or  weirs  are  often  used  for  the  purpose •    Other  structures  in 
the  ^vs'uem  are  sometimes  calibrated  so  that  reliable  estimates  of  the 
flew  may  be  made. 
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Water-H2ontrol  stxnictures  may'be  classified  as  ^division  boxes^ 
turnouts,  and  checks.    Division  boxes  are  used  if  tne  strewn  is  di- 
vided into  two  or  more  sublaterals  and  may  or  may  not  be  equipped  

with  pates  to  control  the  flow.    Turnouts  provide  arfceans  of  deliver- 
ing water  from  the  ditch  to  the  area  to  b* irrigated  br  into  a  tempo- 
rary ditch.    Checks  are  adjustable  dams  placed. in  the  irrigation 
l.itch  to  provide  a  means  of  controlling  the  depth  of  water  serving 
the  turnouts.    Often  It  is  advantageous  to  install  structures  that 
perform  two  or  more  of  the  functions. 

Permanent  ditches  usually  are  equipped  with  permanent  or  senii- 
psimanent  stru  ^tures  of  concret«|  jasonl7I  tlribar,  ??~m?ttti.  ?em"* 
porary  ditches  usually  have  portable  structures,  which  may  be  quickly 
installed  or  moved  a?  needed,. 

/ 

.   __      _/__  _  -  

Siphon  tubes  or  spil*s  often  are  used  b-->  dsiiver  tha.water  from 

temj>orary  ditches.    The  tubes,  which  carry  vstsr  over  tlie  di  cb  bank 

by  uiphonic  action,  are  made       a  variety  of  materials  in  e_  number  of 

sir.es.    Small  tubes  may  deliver  as  little  as  3  gallon  a  minaUu  The, 

larger  ones  carry  as  much  as  2  cubic  feet  a  second,    Spiles,  or  tubes 

inid  through  the  cbtch  bank,  also  ars  commercially  available  for  a 

similar  range  of  flw»; 

A  temporary  cneck  dam  of  a  common  type  is  made  from  a  sheet  oL 
flexible  plastic  or  canvas  attached^  to  a  sun'- -or ting  rod  or  beam.  The 
dau  is  placed  across  the  ditch  in  such  a  wry  that  the  rod  or  beam 
rests  on  the  ditch  banks  and  the  plastic  or  canvas  material  is  tucked 
into  the  ditch  uide  and  bottom  upstream.    Such  devices  usually  can  be 
adjusted  so  th^t  sog»        v-he  flow  may  be  carried  downrtream  through  a 

c-ver  the  top  of  the  danu    Other  tyr>es  of  temocrary  cnecks 
are  made  *i  tiheVt  metii,  pipe,  fabric,  or  coi ^tnatiohr,  of  tl  ose 
materials. 

Open  ditches  must  <;*xTy  the  required  flow  of  water  without 
securing.    Srusion-control  structures  olten  pre  necessary  to  reduce 
the  rr-Je  in  the  earth  sections  of  ^he  ditch.     Th*  structures  have 
maty  f->ms  and  materials.    A  common  type  Is  5  wpir  notch,  equipped 
Si  to.  ah_  apron  at  a  lower  election  so  that  thu  water  may  be  dropped 
vertically  to  reduce  the  voloclvy  of  the  water  in  the  earth  ditch  to 

safe  value.    Others  consist  of  paved  ditch  sections  on  steep 
rrades--pfteri  jcalled  chutes— or  buried  pioes,  tfiich  will  lower  the 
water.    Regardless  6f_  ths  typet  th*  structure  must _Ns  a*le_ to  irry 
the  required  flow  and  proride  for  di^sfpation  of  the  enerrr  in  the 
falling  water  before  it  enters  t>  e  earth  ditch  section  below* 
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 Pipelines  are  usually  more  expensi^  to  install  but  hav?  ad- 

vantafos  over  r>pen-ditches#    Pipelines  may  b>  ur-H  to  c<ijjva  -  water 
by  privity  alone  or  under  pressure  across  n  yf  to  s  higher 

ejevatioru    they  are  essential  when  pressure  \n  i  ^w^r.r'rY  to  operate 
the  s;  f3teiT^ 

 Penmanent  pipelines  urislly  are  buris^  on<i  ^re  equipped  vith 

necessary  hydrants,  relief  stands,  arid  other  d*K  es  t.    control  ti?c 
water  and  protect  the  line.    Permanent  lines  are  z>J&sYr^f  made,  jf 
concrete,  clay,  asbestos- cement,  or  stoel  pipe*    FirstU-  ^nd  aluminum 
pipe  have  become  popu';  r. 

Portable  surface  pipes  or  hoses  provide  a  good  *.ethod  of  con- 
veying the  water  to  the  field  or  to  vhe  individual  border,  baoiri*  or 
furrow* They  are  made  of  iiRht  matertals—steel,  aluBLi  >om,  plastic^ 
or  canvas— and  often  are  equipped  with  patented  coupling  devices  for 
ease  in  connecting,,  They  may  be  manufactured  with  small,  adjustable 
pates,  which  permit  the  release  of  e  small  stream  into  each  Individu- 
al furrow. 

Pipelines  must  be  carefully  planned  tc  meet  the  requirements  of 
the  crop,  fit  the  site  cfori  itions,  and  provide  for  economy  of  Instal- 
lation and  operation.    Because  they  eliminate  losses  from  seepage  arid 
evaporation  and  provide  excellent  control  of  the  water,   ,hey  have 
f  >nnd  f?vor  in  many  areas  where  water  is  scarce  or  erpe  iuive# 

The  layout  and  management  o*  the  system  needs  rareful  planning 
as  to  soils  and  topography ^  intake  y/^es  and  water-holding  capacities 

?c^if>  _itP?_aino?nt_0^  water  thv.t,  can  be  run  in  each  furrow  or 
border  strip  without  causin^erosion,  and  the  relationship  between 
length  of  run  and  size  of  irrigation  stream  to  get  the  proper  amount 
and  distribution  of  moisture  in  the  root  zone. 

Excessive'  irrigation  wastes  not  only  wate*v    It  also  causes  the 
Iteachtng  of  v^ter-eoiubie  nutrients  beyond  tho  res-h  of  the  plants* 
Tofc  heavy  irrigation  on  higher  land  often  causes  watc»rlr£rgijig  of  rich, 
lower  lands i    M^uaiiy  such  a _situation  can  be  correct  j  only  by  a 
costly  system  of  drains  and  reclamation^ 

How  to  apply  irrigation  water  to  crops  without  causing  soil  to 
erode  is  a  big  nrbble  n.     Im>*t^veraent  in  the  fertility  and  structure 
of  roil  usually  hel^e  it  aforSrb  wator  fastar.    As  the  rate  of  intake  • 
increase  *,  larger  streams^of  water  njust  be  delivered  to  the  furrows 
and  borders  to  get  uniform  irrigation.     Even  though  ero^  .ility  may 
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be  reduced  by  go6d-soil  management,  the  effect  of  the  larger  streams 
WtTthn  offsets  any  such  pain.  Thus  the  soil  characteristics  that 
influence  irrigation  method!  are  not  stable.  Conditions  ch*n re  f ram 
?7*t  to  year  with  the  cropping  pWces  and  ever  from  irrigation  to 
irrigation  in  *>.  single  season. 

Theoretically  V  would  be  desirable  to _chanpe  the  irri.rat^n 
lavout  of      field  at  each  successive  irrigation  for  maximum  efiicien- 
cv      From  a  practical  standpoint    continuously  changing  the  xength  of 
run  and  spldng  of  furr  -s  is  not  possible      Therefore  the  ^ri^n 
engineer,  taking  into  account  all  of  the  influencing  factors  and  the 
magnitude  of  change  that  might  take  place  throughout  the  season  and 
the  rotation  period,  must  choose  practices  that  will  be  safe  and 
reasonable  for  the  conditions  of  the  site. 

Som»  suggestions  are  given  for  the  layout  and  stream  size  gener- 
ally most  osirable. 

Furrow  an"  corrugation  layouts  are  handled  together  because  they 
are1  both  subject  to  erosive  action  and  both  are  thought  of  as  genar- 
aliy  carrying  the  water  from  one  end  of  the  field  to  the  other. 

The  allowable  size  of  streams  on  sloping  lands  largely  depends 
on  the  slope  at  which  the  furrows  are  laid  out.    The  general  relation- 
ship of  maxiumu  allowable  furrow  stream  and  slope  is  Qm]£,  in  wnicn 

q  is  the  maxijTTum  nonerosive  furrow  stream  in  gallons  per  minute  and 
S  is  the  slope  of  furrow  in  percentage. 

Thus,  if  the  slope  of  the  furrow  is  O.f.  ™/r'en%;h\^T™  oP 
carry  50   -alions  a  minute  without  serious  erosion     !'ith  a  slope  of 
2  pfrcLt,  che  furrow  will  safely  c,rry  onlv  5  -aliens  a  minu.e. 

With  the  x.^.t-n-  slopes,  erosion  probably  vi  .l  not  be  a  factor-- 
the  carrying  capacity  of  Se'furrow  limits  the  K.:    of  s,ream  that 
can  be  carried. 

Maximum  allowable  length  of  run  d^ena^cn  s r»  ^1/acU:^,  in- 
>uding  the  maximum  allowable  stream  size,  the  v ,  s  « 
Is  absor-ed  by  the  soil,  and  the  amount  of  water  tc  be  store- 
irrSatlon.    The  last  two  factors  particularly  vary  tnrc .  : ,ou  -  the 
season.    We  accompanying  tabulation  gives  the  values  suggested  xor 
average  conditions. 
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Spacing  6f_  furrows  arid  cbrnigatidns  aometiwies  can  be  varied 
within  certain  limits*    Spacing  greater  than  3©  inchoa  generally 
is  hot  desirable  for  most  ahhual  crbps^  because  the  root  zbho  is 
so  limited  during  much  of  the  .season*    Of  course  many  row  crops  are 
grown  at  a  greater  spacing  and  the  furrow  spacihgs  are  fixed*  ' 

In  general*  the  coarser  the  soil*  the  closer  the  ^onrugatibis 
^hrald  be  spaced,  for  efficient  irrigation*  b»it  spacing  cf  iess  than 
ihcheSv  are  seldom  practical  to  construct  and  maintain* 

Flow  control  from  the  field  lateral  to  the  individual  furrows 
nhd  corru rations  is  usually  by  eiphbhs*,  spiles*  or  open  cuts  in  the 
bank*    For  efficient  and  safe  irrigation*  however*  positive  controls 
aie  heeded*    FUrrcw  streams  of  varying  size  do  hot  give  uniform  appli- 
cation of  water  ,  and  phe i 'larger  streams  may  cause  excessive  erosion^ 

Border  otrip  layout  depends  on  the  intake        ;  of  the  soil,  the 
slope*  and  the  depth  of  application* 

The  size  of  the  orraer  strir  should  hot  bs      uaier  than  th* 
msxiirM  allowable  or  sellable  stream  will  cover  uniformly  duri:*v  ^he 
irrigation  set*  without  ^xcossiv'j  losses*    Tha  w:tdth  it  largely 
governed  by  the  slope  ?*f  the  land  and  the  ambuhl  of  *?ater  that  cin  be 
safely  carried  through  ^rhbuvs  t..  the  strip.'   The  lehf  th  is  limited 
by  the  size  of  stream  jxrr  unit  of  width  of  strip  that  will  flow  vrtth- 
out  causing  «rbsibh* 

For  example,,  with  slopes  of  6.5  percent,  a  flow  of  Oil  cubic 
foot  per  second  psr  foot  uf  border  strip width  may  be  safely  used; 
with  a  slope  of  2*0  percent,  ths  safe  value  falls  to  a  -out _0;03_5i__ 
Thus  a  longer  run  (length  off  borcter  strip)  is  possible  on  the  flatter 
slop '^3  • 

?he  height  and  shape  of  the  border  dikes  are  ijnPK)r*ar^»  .*  com- 
mon *rror  is  to  bAild  the  dike  too  lov  ^j  control  the  flow,  the 
dikes  must  je  higher  for  the  flatter  tflopss  thsn  for  the  striper  oxurn. 
YAe  ba~?>  of  the  ±Lke  also  should  usually  b©  bx^oa^,  so  'hat  faming 
operations  can  be  carried  on  over  the  dike*    S$  t  ±  r\  should _  tfa-s  sidevi 
of  the  dike  be  steepor  than  2  horizontal  to  1  vertical \     T^s?,  oti  the 
steeper  land  where  n  minimum  height  of  dites  is  3  inchej,  *-he  base 
would  reed  to  be  at  least  l6  inches  wide.    On  flatter  lands  wh^re  u 
iS^ihch-high  dike  is  .needed,  the  minimum  base  width  of  the  dike  should 
be  about  36  ii -hes. 
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Properly  constructed  dikes  allow  for  crop  giwfch .  rs        J7r%.  the 
dike  end  still  control  the  flow  of  water  during  irrigaticr 

The  size  of  the  irrigation  stream  depends  on  the  soil,  size  of 
border  strip,  and  depth  of  application.    Soils  of  high  intake  rates 
require  large  streams  to  get  the  water  over  the  land  rapidly  if  ex- 
cessive deep-percblation  bosses  are  to  be  avoided.    Likewise  for 
shallow  irrigations  large  streams  must,  be  used.    Small  streams  are 
desirable  ~  r  deep  ^plications. 

The  1  :-v ^"e  oh  the  next  page  suggests  the  relationship  between 
size  of  needed  to  irrigate  border  strips  of  various  sizes 

under  ...  site  conditions: 

antral  oT   T-ow  into  the  border  s  "^ips  can  be  by  open  cuts  ;n 
the  f  '.aid  lateral,  through  open  or  pipe  turnouts,  or  through  sipnono 
over  th?  bank,     Ih  lbbse^  sandy. soils  arid  in  niaces  where  large  flows 
are  desirable.,  siphons  that  will  carry  up  to  2,0  cubic  feet  a  second 
each  have  been  found  useful.    Such  siphbivi  require  the  use  of  a  prim- 
ing pump,  but  are  relatively  easy  to  handle  arid  positive  in  action. 
The  investment  in  an  adequate  number  of  siphons  to  irrigate  a  large 
field  is  relatively  s^illj  conpared  to  tho  cost  of  adequate  perrnai^nt 
turnouts.    The  use  of  3iphons  lets  the  he'd  ditch  remain  open,  so  that 
it  can  be  cleaned  by  machines  instead  of  '::uxd  labor* 

Basin  irrigation  ^epe.:r.s  oh  using  relatively  small,  level  areas? 
surrounded  with  dikes  hV^a  enough  to  store  the  desired  depth  of  vawr 
on  the  Land;     The  irrtgatrtbn  stream  is  l*rre  enouph  to  fill  the  basin 
quickly  and  then  be  turned  into  the  next0 

the  basin  dikes  are  often  higher  arid  ?terper  tnan  those  usid 
with  border  iri-igation,  as -it  is  hot  Sl  conation  to  farm  over  basin 
dikes. 

Str:    rr.  sizes  desirable  for  basin  irrigation  should  be  considerably 
Iirrer  per  unit  of  ?and  area  than  with  border  irriration.    Possibly  a 
t  ood  ruide  for  the  proper  stream  size  vould  be  to  use  at  least  twice 
ks  larpe  a  stream  >er  unit  of  srea  as  was.  sugg^ted  for  the  flattxrt* 
grades  with  bordt  'frifratioh. 

Stream  control       the  basins  is  usually  throuph  some  type  of  

open  or  Pipe  turnout  that  has  adequate  capacity  for  the  larre  streams 
required. 
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3drder  Irrigation  fclatlpnahipo  for  Various  Soils, 
Slopes,  and  Depths  of  Application 


Slop©  of 

Soil  Texture  Land 


Percent 


Coarse 


Medium  »  .  .  6   .  0.25 


Fine  . 


Depth  of 
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Flooding  frou  contour  ditches  is  common  practice  on  some  of  the 
older  irripated  lands  of  the  West,  where  the  topography  is  rather 
rovph.    The  contour  ditc*  -  S  should  be  i.-t  with  practically  _no  grade 
if  they  are  not  too  long.    For  longer      tches,  a  slope  of  0.1  foot 
per  100  feet  is  Usually  adecruate  and  is  saoier  to  handle. 

Spacing  between  contour  ditches  should  not  be  too  great.  With 
fine-textured  soils  On  grades  of  1  to  2  percent,  the  spacing  should 
not  exceed  Z$b  feet.    On  the  same  grades,  ditch  spacing  on  the  coarser 
soils  should  not  exceed  100  feet.   "For  5-percent  slopes,  the  distances 
should  be  150  feet  and  SO  feet,  respectively. 

The  size  of  stream  required  at  any  one  turnout  along  the  contour 
ditch  need  not  be  larpe,  because  the  area  of  land  such  a  stream  is 
expected  to  cover  will  be  small.    The  stream  sizes,  per  unit  of  area, 
surrested  under  border  irrigation  generally  apply  to  the  contour 
ditches. 

FVw  control  from  contour  ditches  is  often  b  -uts  ir  th«  ditch 
banks, "particularly  if  the  banks  are  sodded.  Si.'  nav  Um  sat- 
isfactory in  some  localities. 

Specifications  for  surface  irrigation  methods  cannot  be  entirely 

ri,id.  . 

Many  of  the  factors  affecting  the  relationships  of  length  of 
run,  the  si-e  of  stream,  and  spacing  of  corrugations  Vary  widely 
throughout  the  irrigation  season  and  throughout  the  crop  rotation 
period.    The  foregoing  specifications,  however,  will  Satisfy  average 
conditions  when  good  farming  is  practiced* 


Ford>r  strir  irrigation  generally  will  not  function  properly 
when  the  slope  in  the  direction  of  flow  is  more  than  ?  percent. 
•Tasture-'ands  .-.metimes  utilize  borders  on  steeper  grades  up  to  f-oout 
6  oercent,  but  f-e  distance  between  border  ridges  must  be  reduced  to 
abdii*  10  to  V>  feet.    The  steeoest  downfield  slope  on  any  one  border 
st-ip  should  not  be  greater  than  twice  the  flattest,         the  grade 
should  either  increase  or  decrease  consistently  from  cr*  and  to  the 
other  without  undulation.    A  crass  slope  as  much  as  one -tenth  of  a 
foot  is  allowable  within  an  individu-1  border  strip;  that  often  pro- 
vides t-e  limiting  factor  for  the  width  of  border  strips,    tor  ex- 
ample, a  field  with  a  cross  slope  cf  0.2  percent  could  not  have 
border  ridges  more  than  3'0  feet  apart. 
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Furrow  Irrigation  Relationships  for  Various  Soils,  Slopes,  and  Depths  of  Application 


cb 


Soil  texture 


Maximum 


Furrow  Slope  non- 
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Coarse 


I  5  5" 
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Depth  of  irrigation  application,  inches 
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Corrugations  can  be  successfully  used  oil  slopes  as  high  as  6 
percent  in  pieces  where  runoff  from  rains. is  not  a  serious  problem 
and  where  the  irrigation  water  is  carefully. controlled;    the  slope 
of  the  corruption  within  the  run  should  not  undulate.    When  the 
grade  increases  down  the  field,  the  steepest  portion  should  not  hav* 
a  slope  greater  than  twice  the  flattest,  and  the  total  change  should 
not  exceed  2  percent.    When  the  rrade  decreases,  the  steepest  part 
should  not  be  more  than  one  and  one-half  times  the  flattest,  or  a 
total  change  of  1  Dercent.    If  the  grade  of  the  corrugation  is  more 
than  2  percent,  a  cross  slope  as  high  as  0.5. percent  may  be  permitted, 
but  on  flat  grades  the  cross  slope  should  not  be  rroater  than  one- 
fourth  the  down-field  grade* 

Furrows,  like  border  strips  and  corrugations,  should  not  have  an 
undulating  profile.    They  may  be  used  on  slopes  up  to  3  percent .when 
erosion  from  rain  is  not  a  problem*    The  steepest  grade * in  the  pro- 
file on  increasing  slopes  should  not  be  greater  than  twice  the  flat- 
test; on  decreasing  slopes,  the  steepest  should  be  less  than  one  and 
one-half  times  the  flattest* 

The  msodnran  allowable  cross  slope  depends  on  the  depth  of  the 
furrow*    When  furrows  are  about  9  inches  deep,  cross  slopes  up  to  6 
percent  are  satisfactory  on  fine-  and  medium- textured  soils.  On 
coarse-textured  solid,  the  upper  limit  of  cross  slope  is  5  percent; 
on  very  coarse  soils  it  is  2  percent.    With  medium-depth  furrows,  6 
inches,  the  allowable  cross  slopes  are  3  percent,  2  percent,  and  1 
percent,  respectively,  for  fine  or  medium,  coarse,  and  very  coarse 
soils.    Shallow  furrows,  3  inches,  may  have  cross  slopes  of  0.5  per- 
cent on  medium  and  fine  soils  and  0.3  percent  on  coarse  soils.  These 
requirements  are  very  important  when  the  contour  irrigation  is  the 
method  to  be  used. 

Basins  or  level  borders  require  grades  less  than  0.1  percent 
with  no  cross  slope.    If  contour  levees  are  used,  such  as  in  rice 
basins,  the  land  slope  should  not  exceed  1  percent,  and  the  levees 
should  be  spaced  so  that  the  vertical  interval  between  dikes  is  not 
more  than  3  inches. 

Surf  pee  irrigation  should  be  supplemented  with  a  complete  water- 
disposal  system  to  remove  waste  waters  and  to  eliminate  unwanted 
ponding.    The  drains  should  be  designed  to  carry  off  short,  peak 
flood  flows  as  well  as  irrigation  waste  water.    Provisions  are  needed 
to  allow  basins  or  levee. systems  to  be  drained  when  desired.  Brains 
often  heed  some  protection— vegetation  or  some  structure,  to  carry  th* 
water  without  erosion.    Drains  should  be  equipped  with  crossings  so 
that  farm  equipment  can  be  moved  over  them. 
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Preparing  L8nd  for  Efficient  Irripation 

On  many  farms  three-fourths  of  the  irrigation  water  is  wasted; 
ft  rood  way  to  prevent  such  waste  is  to  prepare  fields  properly  be- 
fore they  are  irrigated; 

<  * 

The  preparation  of  land  for  irripation — or  land  leveling,  as  it 
is  commonly  called— is  the  reshaping  of  the  land  surface  to  facilitate 
or  improve  the  uniformity  of  application  of  the  water.     It  includes 
grading  or  shaping  the  scrfaco  to  any  desired  slope  as  well  as  the 
formation  of  an  actual  horizontal  plane; 

Oenerally  the  reshaping  is  done  to  provide  uniform  grades  or  to 
reduce  grade  in  the  direction  of  irripation  or  at  right  angles  to  it; 
Sometimes  the  grade  of  a  field  is-  increased  or  fradinp  was  ^one  so 
the  direction  of  planting  could  be  changed;    tand  preparation  in  humid 
areas  is  needed  to  provide  surface  drainape  and  to  achieve  more  even 
penetration  of  irripation  water  and  rain. 

Because  of  differences  in  soils,  slopes,  or  the  farmer's  wishes, 
no-  all  fields  are  given  smooth  surfaces.  Lnnd  preparation  may  con- 
sist only  of  removing  a  part  of  the  high -  spotr.  and  fillinr  *  part  of 
the  low  places.  It  may  bring  only  a  minor  improvement  in  irripation 
efficiency.  Or  it  may  be  possible  to  reshape  a  field  to  the  extent 
that  beneficial  use  can  be  made  of  all  the  irrigation  water  and  much 
of  the  rainfall. 

Many  irrigation  workers5  in  the  Southwestern  States  h?ve  used  a 
classification  of  types  of  land  preparation.    It  is  based  on  the  ef- 
fectiveness of  different  forms  of  land  surfaces  in  improving  the  uni- 
form application  of  water. 

Six  types  are  classified,  starting  with  rough  grading  (type  1), 
then  /ariable  grades  in  all  directions  (type  2),  up  through  uniform 
irripation  grade  with  side  slope  (type  3),  level  transversely  with  a 
variable  irrigation  grade  (type  Li),  and  with  a  uniform  grade  (type  53 , 
and  finally  to  exactly  level  in  all  directions  (t>pe  5) .    The  first 
three_ types  permit  side  slope.    The  others  reguire  that  the  land  be 
exactly  level  at  right  angles  to  the  direction  of  irripation.  -  The 
classification  has  proved  to  be  useful,  and  something  like  it  would 
oe  of  value  in  all  irrigated  areas. 
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If  we  acknowledge  that  there  are  different  types  or- degrees  of 
efficiency  in  land  preparation,  we  recognize  that. the  farmer  or  land 
oplr'tor  mv-  t  make,  a  choice  of  type  when  he  undertakes  leveling 
We  say  generally  that  the  highest  type  of  land  leveling 
a  field  should  be  adopted,  but  there  are  situations  in  which  something 
less  will  be  satisfactory  and  more  practical* 

The  land  slopes,  kind  and  depth  of  the  soils,  climate    crops  to 
be  Town-  water  supply  for  each  field,  economic  considerations,  and 
the' farmer^  preferences  all  have  to  be  evaluated  in  designing  any  job 
of  land  preparation. 

If  the  land  is  very  rolling,  steep,  and  irregular  and  the  soils 
are  shallow,  it  may  not  be  possible  to  shape  the  surface  to  uriforra 
slopes  on  good  irrigation  grades.    Successful  i -rigation  farming^can 
be  practiced  on  land  of  steep  and  nonuniform  slopes,  but  that  land 
should  be  kept  in  pasture  as  much  of  the  time  as  possible  in  order  to 
prevent  severe  soil  erosion. 

The  development  of  a  uniform  grade  only  in  the  direction  Of  ir- 
riration  often  may  be  the  highest  practical  type  of  land  leveling. 
That  is  especially  true  of  fields  .that  have  little  cross  slope,  where 
the  crops  will  always  be  irrigated  by  the  furrows  or  corrugations. 
In  orchards  especially,  this  type  of  leveling  is  satisfactory. 

-ome  extrenel-  irregular  fields  Or  irrerular  fields  with  shallow 
sbiislill  nol  oermit  use^of  a  higher  order  of  land  preparation.  Cnly 
a  studv  of  the  cuts  that  will  be.  required  for  better  leveling  can  . 
determine  this,  but  often  thev  will 


Wells  and  Pumps  for  Irrigated  Lands 


In  much  of  the  arid  and  semiarid  regions  of  the  United  States, 
the  water  from  streams  is  completely  utilized  for  Irrigation  or  If 
surplus  water  is  still  available,  the  cost  of  bringing  it  to  th?  land 
istbo  high.    In  those  places,  therefore,  pumping  from  the  great 
reservoir  of  water  in  the  ground  is  the  only  source  of  additional 


water  for  irrigation. 
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Factors  to  be  considered  in  developing ^successful  irrigation 
enterprises  by  pumping  from  wells  ar^  the  supply  of  ground,  water %  the 
land*  the  well,  the  pump  and  accessories;  the  crops*  and  the  markets. 

Fi.-ijt  is  the  water  supply.    If  it  is  inadequate  or  if  the  quality 
is  unsatisfactory  there  is  no  need  to  consider  the  other  factors. 

Next  in  importance  is  the  land.    It  must  be  fertile.    The  to- 
pograpiiy  must  be  suitable  for  irrigation, 

A  eupply  Of  adequate  and  suitable  ground  water  usually  is  harder 
to  find  than  land  that  is  suitable  for  farming.    Water  exists  beneath 
the  surface  of  the  ground  in  most  arid  and  semiarid  regions*  but  con- 
ditions often  are  not  favorable  for  utilizing  it  to  irrigate  crops. 
Sometimes  it  is  so  far  down  that  the  cost  of  pumpinp  is  too  great. 
Or  the  formation  in  which  the  water  occurs  is  so  tight  that  it  does 
not  yield  water  readily  or  is  so  limited  &n  extent  that  the  supply 
would  soon  be  •sxhausted.    Or  the  rate  of  recharge  of  the  ground  water 
reservoir  is  too  small  to  justify  extensive  development  of  the  area. 
Or  the  supply  may  contain  too  much  3alts 


Alluvial  deposits  containing  thick  layers  of  water-bearing  sand 
and  gravel  are  most  favorable  for  obtaining  a  good  water  supply,. 
Broad  alluvial  valleys,  traversed  by  rivers  or  irrigated  by  a  net- 
work of  canals,  are  ideal  sites.    The  seepage  from  the  rivers  and  > 
canals  and  the  deep  percolation  loss  from  irrigation  nearly  always 
assure  adequate  recharge  of  the  ground-water  reservoir.    In  such  val- 
leys the  water  table  usually  is  quite  close  to  the  surface,  an  impor- 
tant aspect  from  the  standpoint  of  pumping  costs. 

,No  hard-and-fast  rules  can  be  laid  down  as  to  the  depth  tc  water 
beyond  which  pumping  is  no  longer  feasible  for  irrigation.    It  depends 
primarily  on  the  value  of  the  crops  produced.    In  California  and 
Texas,  where  fruits,  cotton*  and  winter  vegetables  are  grown*  lifts 
of  boo  to  500  feet  and  more  are  common,  but  in  other  areas  where  gen- 
eral farm  crops  are  grown,  100  feet  is  probably  the  maximum,  except 
under  special  conditions.    If  sprinklers  are  used,  the  total  pumping 
lifts  can  be  higher  because  the  amount  Of  water  required  usually  is 
less. 

The  water  need  not  be  potable,  but  it  must  not  contain  high  con- 
centrations of  salts  injurious  to  plants  or  soil.    Water  of  doubtful 
quality  should  be  tested  to  determine  which  alkalies  are  present  and 
the  percentage  of  each* 


Soil  Moisture  in  Relation  to  Plant  Growth 


Growing  plants  tr-in^pive  womous_quariti  ;;es  of  water  which  they 
take  frbnf+he  aeii;    5r.e  cortrf:  Sa4  irt  Iowa  transpires  enough  water 
durtrc  a  season  to  covei_the  field  to  fi  depth  of  12  or  16  inchest  The 
product.. ^  n\   1  ion  of  bry  ali*lf&.  v,ay  on  the  Oreat  Plains  may  involve 
the  transpi^at-^or.  vf  76^  wbhs  bi'  Kat.  r--inbre  or  less,  dependinp  on  the 
&t  ciporntinr  p.:  'irr  <?f  t1"     .^nbsphe^e,         a  temperature  of  75>°  fi  and  a 
relative  bumi  dit>  of  TO  p^f^ehtj   *  Ur^iorial  force*  of  approximately 
1,000  i  Uno'iphe^  would  i:5ire  to  :.4S         tod  to  water  to  stop  evaporation 

Plants  lose  ws**r  cbuc  V/Uv  is3y_.    Th  3  lowest  loss  is  at  night  and 
the  V-iphBSt  at  ndddayi    But  ^ftbri.  *he  ©oil  .water  is  not  replenished  by 
rain  or  irrigation  o^oi  pe^ioir  of  vecrics  or  months.    Hence  the  soil  . 
acts  as  a  moisture  reservoir  fo^  thw  r>lorts. 

To  s  Colorado  wheat  grower *  v^._*c.y  harvest  $0  bushels  an  acre  or 
nothing,  according  tc  the  status  of  the  raoisture  reservoir  in  his  soil 
in  a  given  season,  it  vou3d  be  difficult  to  overemphasize  the  impor- 
tance of  soil  moisture  in  plant  growth. 

The  capacity    i  the  soil  molstuxSS  reservoir  is  limited  by  the 

field  capacity  (uoper  limit)  and  the  permanent  wilting  percentage^  

(lower  limit)  of  che  soil  in  tr a  effective  root  zone  of  a  crop.  Field 
capacity  is  the  moisture  percentage  of  a  soil,  expressed  on  dry-weight 
basis,  in  the  field  2  or  3  days  after  a  thorough  wettinr  of  the  soil 
profile  by  fain  or  irrigation  water.    Fermanent  wilting  percentage  i3 
the  moisture  percentage  of  soil  at  which  plants  wilt  and  fail  to_ re- 
cover turgidity.    It  is  usually  determined  by  growing  dwarf  sunflower 
plants  in  small  containers  of  the  soil  under  examination ~.     *he  mois- 
ture held  by  the  soil  against  a  displacing  force  of  15  atmospheres  (221 
oonnds  a  square  inch)  is  a  good  estimate  of  the  pemanent  wilting  per- 
centage* 

There  is  a  wide  disparity  between  the  value  of  1,000  atmospheres  * 
associated  with  the  evaporating  power  of  the  air  oh  a  warm,  dry  day 
and  the  l£  atmospheres  of  soil  moisture  tension  associated  with  the 
wilting  of  plants.    Rate  of  entry  of  water  into  the  roots  is  impaired 
by  the  prevalence  of  only  a  few  atmospheres  of  soil  moisture  stress, 
even  though  the  plant  can  withstand  a  great  drying  force  at  the  leaf 
surface* 
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The  permanent  wilting  percentage  of  soils  may  vary  from  3  per- 
cent for  a  coarse  sandy  soil  to  23  percent  for  a  fine  clay •  Sorapar- 
able  figures  for  the  range  in  field  capacity  are  8  and  Lib  percent; 

    _      ._    _  .  .& .  1   _  ;   

F;  J;  Veihmeyer  and  A.  H.  He^idrickson,  of  the  Salifornia  Agri- 

^M^a^_^^r^^n^_^^n^?n/  have  conducted  extensive  exgerrments 

demonstrating  the  usefulness  of  these  two  soil  moisture  constants  in 

irrigation  practices    ThQy  designate  the  moisture  held  by  a  soil  in 

the  range  between  field  capacity  and  permanent  wilting  percentage  as 

the  available  range.    Thus  the  moisture  reservoir  constitutes  the 

water  in  the  available  range  held  by  the  mass  of  soil  in  the  active  r 

root  iohei 

Let  us  examine  the  amount  of  water  that  may  be  available  in  a 
unit  volume  of  soil,  say,  1  cubic  foot*    A  mineral  soil  is  made  up  of 
three  major  components,  air,  water,  and  mineral  particles.    One  cubic 
foot  in  the  dry  state  will  weigh  from  65  pounds  for  clays  to  110  pounds 
For  sands.    Soil  particles  have  an  average  density  of  2.65,  and  a  cubic 
foot  of  soil  minerals  would  weigh  165  pounds .    Thus,  as  much  as  60 
percent  of  the  volume  of  a  clay  soil  may  be  voids  filled  with  air  and 
water.    In  coarse  sands  it  may  be  as  low  as  30  percent. 

It  is  essential  for  most  plants  that  the  v^ids  be  only  partially 
filled  with  water  in  order  to  provide  necessary  aeration. 

Plants  vary  markedly  as  to  rooting  habit  under  favorable  soil 
conditions.    Poets  of  lettuce  and  spinach  penetrate  only  12  to  15 
inches ;  _thbse  of  pp^tbes  arr?  peas,  about  2_feet;  tomatoes  and  to- 
bacco, 3  feet;  field  corn  and  asparagus.  U  feet;  and  alfalfa  and 
grapes,  down  to  S  or  10  feet  or  more.    Potatoes  growing  in  a  loam 
that  can  hold  1.5  inches  of  available  water  per  foot  of  depth  would 
have  a  total  moisture  reservoir  of  3  inches  of  water—enough  for  a 
vigorously  growing  potato  crop  for  about  1  to  3  weeks,  depending  on 
the  evaporation  rate. 

There  is  evidence  that  the  water  in  the  available  range  of  a  soil 
is  held  equally  available  to  crop  plants,  even  though  water  at  the  up- 
per limits  field  capacity^  is  withheld  from  the  plant  roots  by  a  ten- 
sional  force  of  about  only  1.5  pounds  a  square  inch;  whereas  water  at 
the  lower  limit,  permanent  wilting  percentage,  is  withheld  by  a  tor- 
sional force  of  about  200  pounds  a  square  inch s  ^os?_v?i???_9ons*4tute 

a  wide  range  in  tensionai  force.  ^7>_thenj  do  we  find  evidence  that 

insofar  as  plant  growth  is  concerned  water  is  equally  available  be- 
tween those  limits? 


ERLC 


95  101 


The  relationship  between  soil  moisture  tension  and  moisture  con- 
tent  provides  an  answer: 


16 


ia  12  _  16       18  # 

Jhu  (hart  rtoii  t  ihr  r'tWiohihip  btttt  ten  soil 
nvi  VtuTf  (ontent  art  Ifhston  in  Pahothe  loam. 


When  To  Irrigate  And  How  Much  Water  To  Apply 

Plant  roots  will  not  grow  in  dry  soil.    Water  from  rain  or  ir- 
rigation that  fails  to  moisten  the  full  depth  of  dry  soil  will  en- 
courage shallow  rooting,  which  often. is  undesirable.    If  only  the  up- 
per part  of  the  dry  sail  is  wetted,  losses  by  evaporation  are  increased 
and  plant  growth  is  retarded  more  quickly  than  if  the  entire  root  zone 
is  moistened. 

Too  little  water  to  moisten  the  root  zone  and  too  much  water  both 
prod  ce  undesirable  effects  on  crops  and  waste  water  that  say  be  need- 
ed  for  other  purposes  or  in  other  places.    It  is  therefore  highly  de- 
sirable to  apoly  enough  water  to  moisten  the  root  zone  without  ex- 
cessive loss  by  deep  percolation,  except  when  you  have  to  leach  tne 
soil  of  undesirable  salts. 
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Water  moving  into  dry  a foil  forms  a  distinct  we tting  fronts  Bry 
soil  is.  slower  to  vet  than  moist  soil  and  the  wetting  front  is  sharp- 
er in  the  . drier  soils.    Consequently^  when  a  limited  amount of  water 
is  applied  to.  dry  sbii?_the  water  will  be  distributed  unevenly^  The 
surface  soil  becomes  moist,  but  the  subsoil  remains  dryi 

Water  will  continue  to  move  from  the  moist  soil  to  the  dry  soil 
for  a  long  time,  but  most  of  the  movement  will  be  completed  after  a 
day  or  ttfo.     The  amount  of  water  retained  after  1  or  2  days  of  drain- 
age, expressed  as  a  percentage  of  the  dry  soil  by  weight  or  volume,  

is  known  as  the  field  capacity  of  the  soil.    It  is  not  an  exact  figure, 
because  the  movement  may  hot  cease.     The  degree  of  dryness  before  ap- 
plication of  water  and  structure  or  texture  also  cause  changes  in  the 
amount  of  water  the  soil  retains. 

Work  ..is  required  to  remove  water  retained  by  the  soil.  Curves 
that  relate  the  amounts  of  water  retained  by  a  soil  at  different  mois- 
ture contents,  and  the  work  required  at  each  level  to  remove  a  unit  of 
water  are  called  moisture-release  curves.    More  work  is  required  as 
the  soil  becomes  drier.    Because  a  given  force  acting  over  a  given 
distance  produces  work,  the  force  or  pressure  per  unit  area  is  used 
as  a  measure  of  the  retention  of  water  by  soil.    This  force  of  reten- 
tion is  called  moisture  tension. 

When  measured  in  the  field,  water  is  retained  at  about  1.5  pounds 
per  square  inch,  or  one -tenth  atmosphere  of  tension,  when  the  soil  is 
at  field  capacity.    When  disturbed  samples  are  measured  in  the  lab- 
oratory, the  same  moisture  content  is  obtained  at  about  5  pounds  per 
square  inch,  or  one-third  atmosphere.    The  difference  is  probably  a 
result  of  changing  outflow  boundaries;  the  flow  of  water  from  dis- 
turbed soil  to  a  membrane  or  ceramic  elate  is  vastly  different  from 
the  flow  in  undisturbed  soil. 

Although  the  plant  roots  take  water  freely  from  soils  at  field 
capacity,  the  work  required  to  remove  the  water  becomes  progressively 
greater  as  the  soil  becomes  drier  and  the  forces  of  retention  increase i* 
Different  soils  release  different  amounts  of  waterfor  each  increment  of 
work.    Whenever  the  soil  moisture  is  reduced  to  a  point  that  a  large 
change  in  work  is  required  to  remove  orO/  small  amounts  of  water,  the 
plant  will  soon  suffer  from  moisture  deficiency^    Water  should  be  ap- 
plied before  that  point  is  reached  by  most  of  the  soil  in  the  root  zone 
or  plant  growth  is  checked. 
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Soils  in  which  the  moisture  content  if  depleted  until  plants, 
wilt  and  fail  to  recover whehj)laced  ih_ a  moist _ atmosphere  in  the 
dirk_are  said  to  be  at  the  permanent  wilting  point.    This  represents 
the  lower  limit  of  available  moisture. >  Like  field  capacity,  the   _  _ 
wilting  point  cannot  be  determined  exactly^  and  it  cannot  be-  found  for 
some  soils,  particularly  salted  soils.    Fbr  many  soils  the  permanent 
wilting  ddint  lies  within  the  range  of  moisture  tension  from  10  to  20 
atmosoheres.    The  percentage  moisture  at  1$  atmospheres  is  considered 
frequently  to  be  equivalent  to  the  permanent  wilting  point.  Approxi- 
mately h$  times  as  much  work  is  required  to  remove  moisture  at  the 
wilting  point  as  is  needed  at.  field  capacity.    Although  _aU  thb  water 
from  field  capacity  to  permanent  wilting,  bbirit  is  considered  to  be 
available  to  plants,  they  wilt  temporarily  long  before  that  point  is 
reached. 

The  soil  may  be  considered  roughly  as  a  reservoir  for  "soil  mois- 
ture, with  the  upper  ^nit  at  a  moisture  content  corresponding  to 
field  capacity,  arid  the  lower  limit  at  the  permanent  wilting  percent- 
age.   Roots  correspond  to:  a  pump  with  many  inlets  that  may  penetrate 
deeper  into  the  reservoir  as  the  crop  grows.    As  the  soil  gets  drier, 
mo-re  erterry  is  required  to  pumo  the  water  out,  for  it_is  getting 
lower  in  the  reservoir.    A  distinct  and  important  difference  exists 
at  this  point  between  a  true .  reservoir  and  the  soil.     The  water  in  a 
reservoir  is  free  to  run  to  the  pump  inlet  and  moves  more  rapidly 
than  the  Dump  can  extract  it.    Water  in  the  soil  is  not  free  to  move 
to  the  plant  roots,  and  it  may  move  much  more  slowly  than  the  roots 
and  plarit  can  remove  it.    -Then  the  plants  may  wilt,  only  to  recover 
when  the  demand  is  reduced. 

Coarse  soils  transmit  water  faster  t^an  fine  soils  when  the  water 
is  retained  at  low  tensions.  At  higher  tensions,  however,  water  move- 
ment is  more  rapid  in  fine  soils.  - 

Frequency  of  irrigation  and  amount  of  water  to  be  aoplied  are  af- 
fected by  the  fertility  of , soils.    Unless  enoufh_ nutrients  are  avail- 
able to  the  plant  to  produce  maximum  growth  at  all  times,  nothing  will 
be  pained  bv  keening  moisture  available  at  low  tensions.    Nitrogen  may 
accumilate  in  the  soil  during  periods  of  slow  growth  when  moisture  ten- 
sion is  high;  then,  when  water  is  supplied,  the  crorvmay  use  up  the  ac- 
cumulated nitrogen  rapidly.     If  moisture  is  kept  constantly  at -low  ten- 
sions, so  that  it  never  limits  growth,  the"  nitrogen  may  still  become 
available  at  about  the  same  rate  and  crop  yield  may  be  about  the  same. 
The  plants  might  show  nitrogen-deficiency  symptoms  in  one. instance  but 
not  'h  the  other.     The  most  desirable  frequency  of  irrigation  can  have 
maximum  benefit  to  the  crop  only  if  a  supply  of  readily  available  nitro 
gen  is  present  in  the  soil. 
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Sometimes  maturity  6f  a  crop  is_delayed  by  periods  of  low  mois- 
ture during  its  vegetative  stare.    If  sweet  corn  is  kept  moist  arid  is 
fertilized  with  large  amounts  of  nitrogen  arid  has. enough  of  the  other 
nutrients^  it  will  mature  as.  much  as  2  weeks  earlier  than  corn  with 
limited  fertilization  that_ also  is  constantly  moist.     If. moisture  ten- 
sion increases  just  a  little  during  the  early^  _fast  veretative  stags 
cf  growth;  the  early  maturity  is  lost  arid  yields  are  lowered. 

Phosphorus  is  taken  up  by  plants  more  easily  from  moist  thari  from 
dry  soils.  Because  phosphorus  does  not  move  appreciably  in  the. soil,, 
it  is  taken  up  from  the  sprhe  .relative  depth  at  which  it  ir,_apDlied.  _  A 
common  practice  is.  to_apply  fertilizer  near  the  surface.  If  so,  arid 
if  phosphorus,  is  the  limiting  element,  light,  frequent  irrigations  may 
produce  growth  far  out  of  proportion  to  their  value  in  ideal  conditions 

Crops  respond  differently  to  moisture  tension  at  different  stages 
of  growth.    "  hen  vegetative  growth  is  rapid,  plants  react  quickly  to 
moisture^ stress.    If  the  soil  becomes  dry  at  this  time,  new  leaves  do 
riot  develop  fully,  arid  a  general  reduction  in  succulence  follows.  When 
water  again  becomes  available,  rapid  growth  may  be  resumed,  but  the 
small  leaves  arid  stems  produced  under  high  moisture  stress  never  be- 
come fully  enlarped,  and  the  plant  seldom  catchss  Up  with  the  plants 
that  were  not  subjected  to  the  stress.    Potatoes  are  sensitive  to  soil 
moisturfe  from  planting  until  the  tubers  are  fully  formed,    oupar  beets 
are  most  sensitive  in  the  seedlinr  stage  arid  (like  most  other  crops) 
continue  sensitive  until  the  growth  rate  is  retarded  by  maturity. 
Field  corn  requires  water  at  low  tensions  from  seeding  to  hard-dough 
stage  for  maximum  growth  and  yield.    It  is  particularly  sensitive  to 
moisture  stress  at  silking  time  and  shortly  thereafter.    Small  grains 
are  similar  to  corn.  -*  Very  little  difference  in  yield  can  be  demon- 
strated by  moisture  variations  during  the  ripening  period. 

Tobacco  transplants  are  resistant  to  moisture  stress  for  rela- 
tively long  periods  of  moisture  deficiency,  but  when  pnough  water  is 
once  supplied  to  initiate  rapid  vegetative  growth,  a  continuance  of 
water  at  low  tension  is  required  to  develop  the  crop  properly. 

Peaches  are  particularlv  sensitive  during  the  period  of  rapid 
enlorgement  of  the  fruit.    Apples  enlarge  at  an  almost  uniform  rate 
and  need  a  steady  supply  of  readily  available  moisture. 

Maintenance  of  low  moisture  stress  assures  a  maximum  of  vege- 
tative growth  but  does  not  always  assure  the  quality  and  quantity  of 
the  marketable  crop  when  fruits  and  seeds  are  harvested.     The  quality 
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of  apples  and  pears  may  be  improved  by  restricting  the  supply  of  ir- 
rigation watering  the  ripening  period.    Water  is  then  required 
arain  near  picking  time  to  prevent  desiccation  and  injury  to  next 
season's  fruit  buds  during  the  winter. 

Truck  crops  heed  to  be  grown  at  high  moisture  levels  to  develop 
the  succulence  and  tenderness  that  ilie  market  demands.    These  crops 
respond  well  to  light,  frequent  irrigations  because  they  are  relative- 
ly shallow-roo ted.    Deep-rooted  crops,  such  as  alfalfa  and  orchards, 
may  produce  well  with  heavy,  infrequent  irrigations,  and  ^nv  annual 
crops,  such  as  corn,  cereal  grains,  and  sugar  beets,  are  intermediate. 

Youhg  plants  that  only  partly  cover  tne  ground  have  very  small 
root  systems.    Such  plants  need  water  just  as  much  as  when  they  are 
older!    They  should  Sot  be  aliened  to  suffer  for  water  in  the  mistaken 
belief  that  the  root  system  thereby  will  bs  forced  downward  into  deep 
soil.    piaht  roots  grow  deeper  in "soils  that  are  kept  moist,  but  not 
wet,-  during  the  earl-  stage  of  growth.    It  is  true  that  the  root 
svstem  is  capable  of  rapid  growth  at  this  stage,  but  the  growth  of  ^ 
both  roots  and  shoots  is  reduced  during  any  period  when  moisture  is 
deficient  in  that  portion  of  the  soil  already  occupied  by  roots  and 
the  Plant  that  so  suffers  gene-ally  is  permanently  retarded  by  the  - 
adverse  condition.    Sometimes  the  retarded  plants  may  be  allowed  to 
grow  for  a  longer  period  than  the  other  plants  and  produce  an  equal 
yield,  but  usually  that  is  not  the  case. 

Water  should  be  applied  for  a  long  enough  period  to  get  sufficient 
water  in  the  soil  to  moisten  the  dry  soil  without  appreciable  amounts 
moving  in£  the  moist  soil  below.    In  order  to  bring  this  about  water 
must  be  turned  off  shortly  before  the  entire  root  ^f^l™6*™*' 
Subseouent  drainage  for  the  next  2b  hours  will  be  ^^"^^wlli 
ten  the  balance  of  the  soil  in  the  root  zone  and  deep  percolation  will 
not  be  excessive* 

The  application  of  water  should  be  slow  enough. to  avoid  erosion 
and  water  wastage  through  runoff.  Many ..soils  g  "^f " 

tween  one-fourth  inch  and  1  inch  per  hour.    High  infiltration  rates 
are  favorable  to  the  use  of  sprinkler  irrigation  systems.    In  furrow 
irrigation,  nigh  infiltration  causes  more  water  to  enter  the  soil  near 
thread  of  the  field  before  the  area  is  covered  and,  in  extreme  cases, 
Jesultsin  excessive  penetration  there  while  irrigation  at  the  lower 
end  is  still  deficient* 
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the  tijnes  when  irrigation  water  should  be  applied  can  be  deter- 
mined despite  the  many  variables*    Tb  do  it. most  accurately  you  must 
know  the  depth  of  soil  from  which  moisture  is  being  extracted  and  the 
moisture  tensions  throughout  that  depth* 

You  can  determine  the  depth  from  .which  water  is  beirip.  extracted 
by  using  one  of  the  several  methods  of  measuring  soil  moisture. 

If  determinations  are  made  at  several. depths  and  at  regular 
intervals,  the  varying  fates  at  which  moisture  is  being  removed  from 
different  depths  can  be  observer1..    If  no  active  plant  roots  are 
present,  the  rate  of  moisture  removal  is  slow.    Moisture  tensions  may 
be  determined  at  the  same  time  as  the  depth  of  rooting,     fhe  instru- 
ments indicate  tension  directly  or  are  otherwise  calibrated  to  regis- 
ter tension  of  moisture  content  which  can  be  converted  to  tension  by 
using  moisture-release  curves. 

Available  water  will  still. be  present  in  the  root  zone  in  ap- 
preciable quantities  when  the  time  to  irrigate  arrives,  because  of 
the  way  watef  is  removed  by  crops.    Plants  draw  a  disproportionate 
amount  from  the  upper  soil  whern  their  concerttration  of  roots  is 
greatest;  evapof ation  also  removes  water  most  readily  from  the  sur- 
face soil;  thus  when  60  oercent  of  the  available  water  has  been  re- 
moved from  the  uoper  ouarter  of  the  root  zone,  exhaustion  of  the  en- 
tire root  zone  may  be  less  than  30  -ercent. •  relative  amounts  will 
vary  with  cfoos,  weather  and  soil. conditions,  >?ut  the  wilting  point; 
is  reached  first  in  the  upper  soil.    Irrigation  is  needed  when  only 
a  part  of  the  root  system  is  restricted  in  supplying  watp,r  to  stems 
and  leave si 

Best  results  with  irrigation  are  obtained  for  most  crops  if 
water  is  applied  before  the  average  tension  in  the  zone  of  raoid 
moisture  removal  goes  above  h  atmospheres  and  if  irrigation  is^with- 
held  whenever  the  tension  is  below  one-half  of  1  atnosnhere.  ien- 
sion-indicrtinp  meters  or  resistance  uni+s  for  measurinf  soil  nois- 
ture  nay  be  placed  at  various  depths  and  read  periodi-allv  to  mdi^te 
these  moisture  conditions, that  represent  a  range  of  *bout  30  percent 
to  Pd  percent  of_  the  total  water  retained  between  field  capacity  and 
the  permanent  wilting  percentage  on  manv  soils. 

A  comnonly  accepted  generalization  calls  for  irrigation  when  60 
percent  of  the  available  water  in  the  roo^zone  is  depleted.  If 
water  additions  are  confined  solely  to  irrigation,  fields  may  be  ir- 
rigated in  sequence  as  they  approach  that  level.    Rainfall  at  any  tine 
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before  or  durinr  the  growing  season,  however,  may  result  in  approxi- 
mately the  same  moisture  level  over  the  entire  area.  Irrigation  may 
be  needed  later: 

If  the  farmer  has  a  large  number  of  fields  and_ irrigates  one  or 
more  of  them  a  day,  the  moisture  level  in  the  last  tract  may  be  at 
Or  near  the  wilting  point  by  the  time  he  rets  to  it.    He  should  start 
soon  enough  to  arrive  at  the  last  field  before  its  available  water  is 
completely  exhausted.    This  is  the  reason  for  irrigating  in  a  range 
Of  from  30  oercent  to  80  percent  depletion.    If  this  range  represents 
3  inches  of  available  water  in  the  root  zone  and  consumptive  use  is 
0.3  inches  a  day,  he  has  about  10  days  to  complete  his  irrigation. 
Soil  moisture  will  seldom  be  reduced  to  the  permanent  wilting  point 
before  irrigation  is  applied  if  some  pood  method  is  used  to  indicate 
in  advance  the  water  status  of  the  soil. 

Very  sandy  soil  may  have  a  capacity  of  less  than  I  inch  of 
available  water  per  foot  depth  of  soil.    Clays  and  organic  soils  may 
retain  2.5  inches  or  more.    The  range  for  most  soils  lies  between  1 
and  2  inches  for  each  foot  of  depth.    To  express  these  figures  as 
volume  percentages*  the  depth  of  water  retained  is  divided  by  the  cor- 
responding depth  of  soil  (in  inches)  and  multiplied  by  106* 

The  amount  of  water  to  apply  to  replenish  the  moisture  in  any 
depth  interval  of  soil  can  be  calculated  by  subtracting  tha  amount  of 
available  water  that  i:  present  from  that  which  the  soil  will  hold 
without  deep  Percolation  loss.    If  this  value  is  stated  as  a  volume 
oercentage  decimal,  it  need  only  be  multiplied  by  the  depth  of  soil 
in  the  sampling  interval  to  convert  it  to  a  depth  of  water  per  acre. 
If  the  depth  interval  is  6  inches  and  the  volume  percentage  is  ZO, 
then  the  amount  needed  to  restore  that  6-inch  interval  is  1.2  inches 
Any  additional  water  will  be  lost  by  percolation  and  will  leach  soil  nutrients, 


The  Irrigation  and  Culture  of  Rice 

Upland  rice,  which  is  not  irrigated,  and  paddy,  or  irrigated, 
rice  require  different  varieties  and  different  cultural  methods. 
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All  of  the  commercial  rice  in  the  United  States  is  grown under 
controlled  irrigation.    Several  systems  of  controlled  or uncontrolled 
irrigation  are  used  in  various  countries  to  supply  the  water  needed 
for  the  development  of  the  rice  plants . 

Upland  rice  is  grown  in  areas  where  rainfall  is  heavy  during  the 
growing,  season.    Much  of  the  rice  crown  in_6ent^al  America  "and  South 
America  and  in  many  countries  in  Asia  is  produced  under  upland  con- 
ditions.   Upland  rice  also  is  grown  for  home  use  in  small  fields, 
totaling  fewer  than  3,000  acres,  in  the  Southeastern  States ; 

A  limited  acreage  of  "providence"  rice  is  rrown  in  Louisiana  and 
elsewhere  in  the  Southern  States,    Field  levees  are  constructed  as 
for  irrigated  rice,  but  rainfall  supplies  the  needed a tor*  Fairly 
satisfactory  yields  are^ produced  in  seasons^ of  uniformly  high  rain- 
fall, but  averse  or  dry  seasons  mean  low  yields . 

Floating  rice  is  grown  in  southeastern  Asia  where  streams  over- 
flow during  the  growing  seasoru.  Some  especially  adapted  varieties,  are 
sown  before  the  flood  sensom    The  waters  rise  slowly,  -  and  the  fields 
remain  inundated  for  several  weeks .    Meanwhile  the  plants  elongate 
rapidly  ?s  the  depth  of  the  water  increases.    The  culms  are  weafcbut 
are  supported  by  the  waters    ««heri  the  water  recedes,,  the  plants  lodge, 
but  enough  straight  growth  remains  so  that  the  panicles  are  off  the 
ground  and  seed  is  produced^    Rice  produced  in  that  way  must  be 
harvested  by  handi 

Land  suited  to  rice  usually  is  rather  level  and  has  a  definite 
drainage  patterns    In  the  Philtpnines  and  elsewhere  in  southeastern 
Asia^  however,  rice  is  grown  on  terraces  in  mountain  regions,  where 
sometimes  the  entire  mountainside  has  been  converted  into  a_  series 
of  rice  paddies •    Spillways  permit  the  water  to  flow  down  from  one 
terrace  to  another^ 

In  the  United  States  the- irrigation  water  is  diverted  from 
streams  or  is  punroed  from  rivers*  bayous,  wells,  lakes,  or  reser- 
voirs.   The  water*  is  delivered  into  field  levees,  which  are  built  on 
the  contour  and  keep  the  field  submerged  at  a  fairly  uniform  depth. 

Rice  growing _in_the_Uhi ted  States  started  in  the  17th  century 
near  Charleston,  S.  C.    Rice  soon  became  an  important  crop  along  the 
tidal  streams  in  the  South  Atlantic  coastal  area.    The  fields  along 
the  streams  were  divided  by  drainage  ditches  and  levees  into  plots  of 
about  the  same  level.    The  levees  were  constructed  from  the  earth 
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taken  from  the  ditches.    The  small  fields  were.,  next  to  canals,  which 
carried  the  water  from  streams.    The  canals  also  connected  small 
streams,  formed  dividing  lines  between  ftntations,  and  provided  for 
barge  transportation  during  planting  and  harvest.    Floodgates  lo- 
cated  above  the  salt-water  line  in  the  streams,  controlled  the  flow 
of  water  into  the  canal.    The  gates  were  placed^that  water  flowed 
into  the  canals  at  high  tide  and  was  shut  off  at  ebb  tide.    The  gates 
could  be  opened  at  low  tide  to  drain  the  fields. 

New  settlers,  coming  in  after  1865,  attempted  to  grow  rice  on 
the  prairie  in  southwestern  Louisiana. 

They  found  that  rice  grew  very  well  there,  and  that  the  sluggish 
streams,  called  bayous,  provided  plenty  of  water  fo^ir^^tion^  The 
eroblem  was  to  get  the  water  to  the  higher  lands.    The  first  attempt 
was  to  dam  up  small  drainage  areas  and  collect  water  during  the 
winter.    Thevater  was  pumped  to  the  field^by  P^.^e^st 
steam  engines.    These  systems  were  improved,  until  in  189U  the  first 
lar^  irrigation  plant  was  established  on  Bayou  Plaquemine,  about  2 
miles  from  Rowley,  La.    It  first  used  a  vacuum-type  P™P, 
ed  in  midsummer.    The  next  year  a  centrifugal  pump  was  installed,  but 
it  did  not  have  enough  capacity  to  deliver  the  wate^needed  for  the 
entire  acreage.    A  larger  centrifugal  pump,  installed  in  1896,  de- 
livered £oi  gallons  of  water  a  minute,  enough  for  the  Panted  acre- 
age!    Many  oumping  plants  were  installed  on  the  streams  ^southwest- 
ern Louisiana  and  southeastern  Texas  the  next  few  years.    Some  pump- 
ing plants  in  operation  in  1901  delivered  up  to  15*000  gallons  a 
minute. 

The  water  requirement  for  rice  is  rather  high,  because  the  fields 
are  submerged  for  3  to  5  months. 

T-  California, 3  to  8  feet  are  heeded  each  season..  The  requirement 
in  Arkansas  an^loulsiana  is  1.5  to  3  feet.    The  amount  of  irrigation 
water  required  is  least  in  places  where  the  subsoils  are  relatively 
impermeable  and  the  seasonal  rainfall  is  high.    The  normally^ undant 
rainfall  cuts  the  oumping  requirements  in  the  rice  sections  of  Ar- 
Cnsls,  Louisiana,"  ana  Texas,  but  unusually  heavy  rainfall  may  cause 
breaks  in  the  levees  and  Serious  losses  of  water. 

tialifo^nla!  S'^t  of  tho  TS.OOoVr..  in  Mississippi  ™re  irrigated 
from  wells  i 
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Pumping  from  bayous  supplies  most  of  the  surface  water  in 
Louisiana  and  Texas.    Diversion  frcm  large  streams is  the ^matiri 
source  of  water  in  California.    The  main  surface  water  supply  in 
Arkansas  is  f ran  excess  rainfall  stored  -in  reservoirs .These 
reservoirs  vary  in  size  from  20  acres  to  more  than  4,000  acres  and 
are  filled  during  periods  of  high  runoff. 

Heavy^  concentr -ted  pumoing  has  seriously  lowered  the  ground 
water  level  in  some  parts  of  Arkansas,  but  other  sources  of  irriga- 
tion water  are  being  developed^    The  rechaxre  of  ground  water  through 
wells  has  been  considered^ 

Diesel  engines  came  into  common  use  for  pumping  water  after  1919* 

Convenience,  low  labor  requirements^  and  reasonable  initial  and 
operating  costs  have  since  caused  a  shift  to  electric  power  for  ir- 
rigating rice.    About  1,80C I  irrigation  installations ,  nearly  50  per- 
cent of  the  total,  were  powered  by  electricity  in  Arkansas  in  1955 . 
In  Louisiana,  of  a  total  of  l,06l  wells,  b56  were  powered  by  diesei 
engines,  212  by  natural  gas,  105  by  electric  motors,  and  the  remain- 
der by  other  units. 

The  efficiency  of  the  pumps  has  improved _rapidiy,  so  that  out- 
lays for  electricity  have  dropped.    Pump  bowls  ordinarily  had  an  ef- 
ficiency ,of  about  20  to  bO  oerc^nt  in  1915.    T:odern  pump  bowls  of 
suitable  design  have  efficiencies  of  about  83  percent^ 

Costs  of  electric  power  for  irrigating  rice  in  Arkansas  ranged 
from  I1.68  to  11. 2b  dollars  an  acre  in  195b.    ^ixed  or  overhead  costs 
averaged  about  3.75  dollars  an  acre.    The  electric  rates  for  rice  ir- 
rigation are  lowest  for  numps  th^t  9PeJ^te  continuously  during  the 
season,  but  it  may  be  advantageous  to  pay  slightly  hirher  rates  in 
order  to  have  a  larger  flow  of  water  durinr  some  periods  airid  ho  reduce 
the  time  expended  in  irrigating.    A  flow  of  5  gallons  a  minute  an  acre 
delivers  the  average  of  22  ?cre-inches  required  in  slightly  more  than 
80  days,  while  7.5  gallons  requires  a  J.ittie  less  than  60  days.  The 
average  well  flow  on  Arkansas  rice  farms  has  been  estimated  at  about 
7.1  gallons  a  minute  an  acre._ faS  experience  thus  indicates  a  pref- 
erence for  more"  than  the  minimum. 

The  water  is  conveyed  from  the  pumps,  streams,  or  reservoirs  in 
canals,  from  which  it  is  diverted  into  laterals,  field  dit^ies^  and 
finally  the  field  checks,  or  levees  *    Those  structures  should  be  lo- 
cated by  a  competent  engineer  and  be  of  proper  sj  ze  to  provide  water 
when  and  where  it  is  needed^ 
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When  the  rainfall  ia  below  normal  in  the  gulf  coast  of  Louisi- 
ana and  Texas,  the  water  level  in  the  streams  that  supply  irrigation 
water  often  is  so  low  that  brackish  water  encroaches  from  the  eug 5 
The  concentration  of  chloride  salts  may  become  SO  high  that  the  yield 
and  quality  of  the  rice  is  reduced  or  the  crop  ruined. 

Water  that  contains  more  than  35  grains  of  salt  a  gallon  (600 
parts  per  million)  should  not  be  used  to  irrigate  young  rice  if  the 
soil  is  dry  and  if  the  water  is  to  remain  on  the  field.    Rice  watered 
continuously  with  water  containing  35  and  75  grains  of  salt  a  gallon 
(600  and  1,300  parts  per  million)  was  reduced  in  yield  about  25  and 
70  percent,  respectively,  and  the  rice  was  of  lower  quality  than  when 
water  containing  25  grains  a  gallon  was  used.    The  rice  plant  can 
tolerate  higher  concentrations  of  salt,  in  the  later  stage sj>r growth, 
although  very  high  concentrations  may  kill  the  plants  or  make  them 
steriles    The  Blue  Pose  variety  is  more  tolerant  to  salt  than  some 
other  varieties  and  has  made  satisfactory  yields  when  the  water  con- 
tains salt  concentrations  of  75,  150,  200,  and  250  grains  a  gallon  in 
the  tillering,  jointing,  booting,  and  heading  stage*  respectively. 
Soma  of  the  newer  Varieties  probably  would  be  damaged^seriously  by 
those  amounts  of  salt. 

If  a  field  has  been  watered  with  fresh  water  and  the  supply  is 
then  replenished  with  salt  water,  the  damage  will  be  less  than  if  the 
salt  water  is  put  on  dry  soil.    The  reason  is  that  the  salt  is  more 
concentrated  in  the  dry  soil  and  more  of  it  moves  into  the  root  zone, 
whence  it  is  taken  up  by  the  plants.    Rice  grown  on  clay  soils  may 
not  be  injured  by  salt  Water  to  the  same  extent  as  on  lighter  sons, 
because  less  water  is  used  and  less  is  lost  by  seepage* 

About  3  tons  an  acre  Of  salt  are  added  when  water  containing  50 
grains  of  salt  a  gallon  is  used  for  the  whole  growing  season.  The 
accumulations  of  salt  over  the  years  may  de flocculate  the  soil,  so 
that  stickiness,  compactness,  and  impermeability  increase.    The  de- 
flocculated  soil  is  hard  to  cultivate  and  produces  low  yields* 

Well  water,  used  to  irrigate  a  large  part  of  the  rice  acreage  in 
Louisiana  and  Arkansas,  usually  is  low  in  chlorides.    In  the  lower 
basin  Of  the  Vermillion  River  in  Louisiana,  however,  salt  water  en- 
croaches on  the  Chicot  Peseryoir  when  the  river  is  intruded  by  salty 
water. 
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Water  from  shallow  wells  sunk  into  Quaterhay  beds  in  Arkansas 
contains  75  parts  per  million  of  calcium  and  22  parts  per  million  of 
magnesiums    Soils  that  have  been^lrrt fated  for  many  years  with  this 
well  water  have  increased  in  pH  ratio  from  about  5*6  up  to  as  high  as 
8,0.    That  change  from  a  highly  acid  to  a  highly  alkaline  reaction _iri 
due  to  the  annual  addition  of  about  1,500  pounds  an  ac re  of  i tme s tone 
equivalent.    The  increase  in  available  calcium  end  mapnesium  lowered 
the  availability  of  phosphorus  in  the  soil.    If  a  new  source  of  water 
is  obtained  that  is  low  in  dissolved  minerals,  those  changes  may  be 
reversed. 

Pice  has  been  grown  in  order  to  reclaim  saline  or  alkali  lands 
in  California.    It  is  successful  when  the  water  is  appreciably  lower 
in  dissolved  minerals  than  is  the  soil,  the  soil  is  relatively  perme- 
able, arid  drainage  is  adequate.    Crops  that  are  not  sait-toierznt  can 
be  grown  on  the  alkali  soils  after  2  or  3  years  of  rice. 

The  temperature  of  the  irrtpation  water  is  important.    The  tem- 
perature may  be  too  low  early  in  the  season  and  too  high  late  in  the 
season  for  maximum  emergence  of  rice  sown  in  the  watery  termination 
is  retarded  when  the  temperature  of  the  water  is  below  70°  F.  Roots 
develop  poorly  when  the  temperature  is  above  85°j  Perhaps  because  of 
the  low  oxygen  content  of  warm  water.    The  temperature  of  the  water 
from,  shallow  wells  in  Arkansas  and  from  streams  in  California  is 
usually  65°  F.  or  lower.    When  such  cool  water  goes  directly  into  the 
fields  the  rice  growing  near  the  water  inlet  usually  is  retarded. 
Such  "cold  water"  rice  may  ripen  7  to  10  days  later  than  the  rice  in 
the  rest  of  the  field,  and  the  difference  interferes  with  harvesting. 
The  way  to  avoid  that  condition  is  to  hold  the  water  in  a  warming 
basin  or  to  have  several  inlets  to  the  field.    The  water  from  deep 
wells  in  Arkansas  and  from  the  streams,  lakes,  and  reservoirs  in  the 
South  usually  is  warm  enough. 

Water  is  delivered  usually  to  the  highest  point  in  the  field 

by  canals  or  pumps.    It  passes  into  successively  lower  paddies  

through  openings, or _metal  checks  in  the  levees .    Metal  checks  provide 
permanent  control  of  the  maximum  heifht  of  water  in  each  paddy.'  Field 
levees  must  be  properly  spaced  on  the  contour  to  provide  uniform  ir- 
rigation and  complete  drainage .    Levees  are  spaced  at  a  difference  of 
about  two-tenths  of  a  foot  elevation  between  ad.iacent  levees. ^  Smooth- 
ing the  land  before  surveying  results  in  more  accurate  surveying,  more 
uniform  irrigation,  and  better  drainage. 
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fiither  levee  disks  of  pusher-type_macfilnes  form  leyees_=wi_th 
sloping  sides  and  high  enough  to  hold  water  U  to  6  inches  deep  on- 
the  subfields  or  paddies  without  overflowing  into  the  next  lawer 
caddy,    tow,  sloping  levees  reduce  production  costs  because  they  can 
be  seeded  and  thus  produce  considerable  rice  while  reducing  weed 
growth.  ; 

Two  general  methods  of  seeding  and  irrigating  rice  are  practiced 
in  the  United  States.    One  is  to  drill  the  seed  in  the  soil;  sub- 
mergence follows.    The  other  is  to  broadcast  the  seed  in  the  water. 

Most  of  the  rice  in  the  Southern  States  is  drilled  or  is  sown 
with  an  endgate  seeder  and  covered  with  a  disk  or  harrow.    The  soil 
is  then  irrigated  liphtly  if  moisture  is  needed  for  permi nation  and 
prowth  of  seedlings .    Later  the  soil  is  Submerged  when  the  plants  are 
6  to  8  inches  tall. 

The  seedbed  is  prepared  by  plowing  with  a  moldboard  or  disk  , 
nlow  in  the  fall,  winter,  or  early  spring,  followed  by  disking  and 
harrowing,  and  semetimes'the  use  of  a  heavy  plank  drag  to  break  tha 
clods.    Heavy  soils,  such  as  Sharkey  or  Beaumont  clay,  usually  are 
dry  by  the  time  the  land  has  been  prepared  and  seeded  so  that  it  De- 
comes  necessary  to  irrigate  to  germinate  the  seed  unless  rain  comes 
soon  after  Seeding.    The  field  must  be  drained  after  the  earl? ir- 
rigation, because  rice  seed  that  is  covered  >ith  an  inch  or _r»re  of 
soil  will  not  germinate  in  standing  water.    This  practice,  however, 
Sso  provides  ideal  conditions  for  the  germination  and  growth  of  weedy 
grasses* 

Experiments  started  in  191l»  on  new  rice  lands  in  California  

showed  that  the  best  yields  were  obtained  when  the  land  was  submerged 
to  a  depth  of  6  to  8  inches  about  30  days  after  the  rice  seedlings 
emerged.    This  method,  however,  favored  the  invasion  and  increase  of 
weedy  grasses,  particularly  barnyard  grass  (Echinochloa  species),  and 
IherefSe  was'not  suited  to  old  rice  lands.    Exoeriments  in  Arkansas 
demonstrated  that  a  heavy  infestation  of  grass  reduces  the_yield ot 
tl7ri.ee  by  50  percent  or  more.    Water-seeding  methods  were  developed 
to  control  the  weedy'  grasses.  ; 

The  seeding  of  rice  in  water  was  started  in  California  *s  a  ™* 
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many  grasses  could  be  controlled _iri  that  way,  and  g&oJ  stands  of  rice 
and  high  yields  could  be  obtained.    The  rice  Terminates  and  emerpes 
through  6  inches  of  vater>  whereas. the  rrasses  seldom  get  to  the  sur- 
.farce  of  the  watery    At  first  the  rice  was  sown  with _a  broadcast  seed- 
er.   Bro^dcastihp^njwat^  ari_ endgate  seeder  stirs  up  mud,  which 
makes  it  hard  for  the  driver  to I -follow- ^a_^trjipht  line.    The  airplane 
is  more  satisfactory  for  sowing  submerged  land . v  "The  -airplane  operator 
is  guided  by  flagmen,  one  at  each  end  of  the  field,  who  pace  off  the  ~ 
distance  (about  3D  feet)  that  the  plane  can  sow  in  one  trip  across 
the  field* 

Airplane  seeding  was  attempted  first  near  Merced,  California,  in 
1929,  for  reseedirig  a  field  in  which  the  rice  had  been  destroyed  by 
mud  hens.    A  fair  stand  of  rice  and  a  satisfactory  yield  were  ob- 
tained.   Several  California  growers  seeded  their  rice  with  ah  air- 
plane in  1930.    Now  airplane  seeding  is  the  comnon  practice  among 
growers  in  California.    Experiments  with  water  seeding  in  Arkansas  and 
other  Southern  States  developed  modifications,  which  were  adapted  to 
the  other  aret.s. 

The  prevailing  method  of  growing  rice  in  California  is  to  plow 
the  land  in  early  spring  to  a  depth  of  h  to  6  inches  and  allow  the 
soil  to  dry  for  ?  to  10  days.    A  satisfactory  seedbed  can  then  be 
prepared  by  harrowing  twice  and  floating  once  with  a  heavy  plank  drag. 
The*  field  levees  are  then  put  up,  the  floodgates  put  in  place,  and  the 
field  flooded  to  a  deHth  of  about  6  inches.    Seed  that  has  been  soaked 
for  36  to  1*8  hours  is  then  sown  with  an  airplane  at  the  rate  of  135 
pounds  of  seed  an  acre.    The  field  is  kept  submerged  to  a  depth  of  5 
to  7  inches  until  the  rice  is  ready  to  drain  before  harvest.  Prepar- 
ing the  seedbed  when  the  soil  is  dry  gives  better  control  of  some  of 
the  aquatic  weeds  and  grasr.es  that  cannot  be  controlled  by  flooding 
and  retards  the  growth  of  algae  (green  scum)  on  the  surface  of  the 
waters 

In  the  water-seeding  method  in  A. Kansas,  the  land  usually  is 
plowed  in  winter,  and  the  seedbed  is  prepared  by  disking  2  or  3  times 
and  then  harrowing.    Frequently  the  soil  also  is  tilled  to  a^depth  of 
about.  8  inches  with  a  field-  cultivator  to  provide  space  for  the  ap- 
plication of  cool  irrigation  water  that  contains  oxygen,  which  is 
necessary  for  early  root  development.    The  water  below  the  surface  01 
the  soil  remains  cool  and  retains  considerable  oxygen,  whereas  the 
surface  water  is  warmed  by  the  sun,  and  much  of  the  oxygen  escapes. 


,r.  115 

109 


ERIC 


The  levees  are  completed  after  the. soil  is  worked  with  the  field  cul- 
tivator, and  the  field.is  then  cultivated,  with  a  spriiigtooth  harrow, 
which  leaves  Shallow  furrows  and  ridpes  that  prevent  drifting  of  the 
seed,    the  floodgates  are  then  put  in*  the  field,  submerged  to  a  depth 
of  h  to  6  inches,  and  the  rice  sawn  from  ah  airplane i    deeding  is  done 
as  promptly  ?s  possible,  as  poor  stands  usually  are  obtained  when  the 
water  has  been  on  the  field  longer  thari_abbut  U  days  before  seeding^ 
The  seeding  rate  is  IOC  to  110  pounds  o;f  dry  seed  an  acre.    The  water 
is  usually  drained  after  S  to  6  weeks  for  the  control  of  the  rice^ 
water-we.evil  and  to  provide  dry  soil  Tor  top  dressing  with  fertilizer. 

The  water-seeding  method  as  ^^racticed^oh, heavy  clay  soils  in 
Texps  and  other  Southern  States  consists  of  plowing  and-  disking  the 
land  to  kill  vepet.ition,  but  the  surface  is  left  rbup;h.     The  levees 
are  then  pu+  ud  and  the  field  is  irripated  enough  barely  to  cover  the 
land.    The  flooded  field  is  then  cultivated  with  a  light  disk  or 
heavy  spike . tooth  harrows    The  soaked  seed  is  sown  immediately  from 
pn  airplane.    Sometimes  a  shallow  flood  is  left,  but  usually  the  excess 
water  is  draine  -  off  the  field  after  seeding  and  the  saeds  are  covered 
with  a  thin  film  of  mud.    Germination  of  the  presoaked  seed  is  rapid. 
As  soon  as  trie  s^izngs  emerge*  a  shallow  flood  of  writer  is  adc*ed  to 
fields  thnt  wbre  drained  after  sowing.    The  depth  of  water  is  increased 
gradually  up  to  5  to  7  inches  as  the  seedlings  elongate.    The  water 
may  be  orainsd  1  or  2  times  during  the  growing  season  to  control  in- 
sects or  to  apply  fertilizer, 

f   , 

Correct  timing:  of  irrigation  and  drainage  may  help  to  control 
certain  insects.    The  root  maggot  "ha-,  reduced  yields  up  to  29  per- 
cent in  some  areas,  and  increases  of  11  to.27  percent  in  yeiid  Jtave 
been  obtained  by  draining  the  field  when  heavy  pruning  of  the  rice 
roots  by  the  maggots  is  'evident.    That  usually  occurs  about  17  to  28 
dsvs  after  the  field  is  first  submerged.    The  practice,  however, 
makes  ah  ideal  breeding  place  for  rice-field  mosquitoes  (Psorophora 
confinr.ls  and  P.  discolor).    They  lay  their  eggs  on  the  soil  from 
which  water  has  been  drained.    The  eggs  hatch  when  the  soil  is  arain 
submerged.    The  southern  corn  rcotworm,  chinch  bugs,  sugarcane  beetles, 
and  the  southern  grass  worm*  which  often  are  seriou3  pests  in  some 
places,  often  can  be  controlled  somewhat  by  submerging  the  field  whan 
seedlihrs  are  attacked  or  by  holding  the  water  on  the  field  as  long 
as  oossible  when  the  rice  is  attacked  as  it  is  nftaring  maturity* 

Several  diseases  of  rice  can  be  controlled  or,  the  losses  frcm 
them  car  be  reduced  by  using  the  correct  irrigation  methods.  Straight- 
head  is  a  nonparasitic  disorder  characterized  by  failure  to  set  seed, 
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usually, accqmpasri.ed by  a  distortion  cf  the  palea  arid  the  glumes* 
Straighthead  sometimes  is  destructive  in  the  Southern  States  bh  soils 
high  in  orpanic  contents _.  It  occurs  most  frequently  oh  sandy >  loamy , 
or  mixed  soils  but  rarely  on  clay  soils i    Effective  control  is  ob- 
tained by  draining  -the  field  just  before  the  panicle  bud  fonris^usu- 
ally  6  to  8  weeks  after  emergence,  depending  upon  length  of  growing 
season  of  the  variety,    the  field  is  flooded  again  as  soon  as  the,  9oil 
is  dry. 

Stem  rot,  a  fungU3  disease,  first  appeals  in  midsummer  as  small* 
discolored  areas  on  the  sheaths  of  the  rice  stem  hear  the  water  line* 
The  most  satisfactory  method  of  control  is  to  drain. the  water  from 
infected  fields  before  the  infection  reaches  the  culm.    Water  should 
then  be  added  from  time  to  time  to  keep  the  soil,  saturated  but  not 
submerged^    Such  treatment  may  result  in  reduced  losses  frc«i_ lodging, 
bat  a  sligh*  reduction  f.h  yield  is  usual  where  infection  is  light* 
Sv.eh  irrigation  should  not  be  practiced  unless  infection  is  heavy. 

■  '  Blast,  ce-ised  by  the. fungus  Piricularia  bryzaei  has_  caused  losses 
in  yield  in  the  Southern  States  from  time  to  time.    Usually  the  most 
cbvious  and  damaging  phase  of  the  disease  is_the  infection  of  culms 
and  panicles  after  the  piafits  have  headed.    Infection  also i  occurs  in 
the  seedling  stage  and  causes  a  reduction  in  stand  before  the  field 
is  submerged,  but  then  injury  may  be  reduced  by  submer|ence  of  the 
land  as  soon  as  the  leaf  spots  become  evident. 


Growing  iOO-Bushel  Corn  With  Irrigation 

Corn  cannot  be  grown  profitably  without  irrigation  in  the  arid  ~ 
sections  of  the  West*    Irrigation  changes  corn  from  a  marginal  to  a 
profitable  crop  in  semiarid  areas.    It  removes  the  everpresent  hazard 
of  drought  in  the  subhumid  area  and  the  humid  East.  - 

Corn  yields  greater  than  150  bushels_  an_  acre  have  been  obtained 
in  experin»ntJ9  -under  irrigation  at-sever^ 
the  Viesti    Such  yields  were  obtained  only  by  the  use  of ^the  best  com- 
bination of  practices*  but  farmers  in  those  areas  can  expect  to  im- 
prove yields  by  adopting  similar  practices. 

Benefits  from  irrigating  corn  vary  from  year  to  year Jn  the  Jub- 
humid  and  humid  sections.    Experiments  at  the  Redfieid  Development. 
Farm  in  South  Dakota  showed  increases  in  yield  due  to  irrigation  of 
117  and  27  bushels  an  acre. 
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Farming  Where  Rainfall  Is  8-20  Inches^  A  Year 

Dryland  farming  no  longer  means  simply  farming  in  a  region  of 
loir  rainfall.    Rather,  it  has  come  to  refer  to  a  fairly  well  es- 
tablished system  of  managing  crops  and  soils  that  is  adapted  to  semi- 
arid  or  dry  climates  i 

Such  a  climate  exists  in  Various  parts  of  the  world,  including 
parts  of  all  the  Western  States,  notably  the  Great  Plains,  the  ^eat 
Basin,  the  Pacific  Northwest,  and  the  Central  Valley  in  California. 

The  total  precipitation  in  the  dry- farming  areas  generally  is 
low,  about  20  inches  down  to  8  inches  annually. 

Scant  rainfall,  though,  is  only  one  aspect.    The  average  temper- 
ature in  the  Northern  States  is  much  lower  than  in  the  Southwestern 
States.    A  given  amount  of  precipitation  therefore  is  much  more  ef- 
fective in  the  Norte  than  in  the  South.    The  distribution  of  the  pre- 
cipitation through  the  year  also  is  important.    The  limited  precipi- 
tation in  parts  of  the  Pacific  Northwest  comes  mainly  in  winter,  when 
evaporation  is  low..,  So  the  rain  penetrates  deeper  into  the  soil  and 
subsoil  than  does  .the  much  hipher  rainfall  of  the  Central  Plains,  ^ 
where  the  moisture  comes  chiefly  in  summer.    A  rain  of  one -h? If  inch 
on  a  hot,  dry  dav  may  lose  so  much  of  the  water  by  evaporation  that 
only  a  small  fraction  is  available  to  the  plant.    During  cool  weather 
a  rain  of  one-half  inch  may  penetrate  the  soil  to  the  extent  that 
much  of  it  may  be  used  eventually  by  a  crop. 

Wind  erosion  of  the  soil  is  common,  in  most  dry-farming  region?, 
particulars  in  sandy  areas.    In  many  places  an  occasional  torrential 
rain  or  a  sudden  heavy  shower  may  cause  consider?ble  erosion. 


Great  progress  has  been  made  toward  producing  a  great  share  of 
the  Nation's  food  in  the  West,  a  part,  of  which  the  early  explorers 
called  the  Groat  American  Desert.    Livestock  and  small  grains  are  tlje 
fond  products  thnt  can  be  grown  to  best  advantage,    research  has  had 
a  rreat  effect  on  the  progress  of  a\l  limited-rainfall  regions.  The 
mechanization  of  farm  operations  has  altered  labor  retirements  and 
has  changed  the  cost  of  production  in  regicns  where  an  extensive  arri 
culture  is  practiced. 
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As_the  Great  Plains  vrete  settled i  largely  during  thi*  last  quarter 
of  the  l?th  century^  farners  droye  their  covered  v^dhs  westward  frbn 
the  huriid  areas  of  the  Eastern  States  to  those  iqw-rainfall  regions. 

They  brought  with  them  the  methods  of  a  humid  agriculture.    They  also  

brought  the  seed  for  crops  that  had  been  found  suitable  for  humid  con- 
ditions.   They  soon  learned  that  the  types  and  varieties  of crops . they  , 
had  used  back  east  would  hot  withstand  the  climate  of  the  Plains: 
Corn  wa/  not  successful  in  most  years.    The  soft  wheats  of  the  East 
would  not  produce  satisfactory  yields  In  the  Plains i 

New  methods  were  developed  only  with  the  coming  of  certain  Euro- 
peans, like  the  German-Russians,  who  settled  in  central  and  vies  tern 
Kansas.    They  brought  from  the  regions  around  the  Black  Sea  varieties 
of  hard  red  winter  wheats  that  had  been  grown  under  conditions  like 
those  of  the  Great  Plains.    Since  then  great  improvement  has  been  made 
:.*i±h  varieties  and  in  the  method?  of  managing  soils  and  crops,  and 
*  greater  agricultural  stability  has  come  to  all  dry-farming  localities. 

The  improvement  in  methods  came  from  two  main  directions:  The 
hard  earned  experience  of  farmers  in  the  new  and  demanding  environment 
and  the  work  of  experiment  stations. 

The  experiment  stations  for  studing  dryland  problems  were 
authorized  by  the  Congress  in  1905.    Within  the  next  decade  about  25 
stations  were  established  in  the  dry-farming  areas. 

Some  stations  gave  attention  to  livestock.    Some  studied  horti- 
culture, landscape  gardening,  and  forestry  so  as  to  improve  living 
conditions  on  the  Plains.    But  their  work  was  devoted  mainly  to  prob- 
lems of  soils  and  crops— testing  and. comparing  methods  of  production, 
conserving  soil  moisture r  and,  much  later,  conserving  the  Soil  itself. 

Failure  to  recognize  the  capability  of  the  land  brought  about  a  i 
•t     threat  number  of  failures  in  the  dryland  areas. 

tfany  of  the  critical  "~?  ( 

grassland  that  is  unsuited  for  cropping  in  places  of  limited  rainfall. 
Particularly  in  the  southern  part  are  the  soils  hazardous— very  sandy 
or  shallow.    An  estimated  7  to  8  million. acres  of  that  kind  were  cul- 
tivate^ in  the  Southern  Great  Plains  in  1?5U._  Even  moderately, sahdy 
and  moderately  deep  soils  in  the  southern  dryland  regions  are  hard  to  * 
protect  against  wind  damage  if  they  are  placed  under  cultivation.  It 
is  advisable  to  cultivate  them  only  occasionally.    Grass  should  cover 
the  land  at  least  haif  the  time^ 
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Steepness  of  slope  adds  to  the  complexity  of  the  erosion  problem. 
Cultivated  lands  ori  2-percent  to  5-percent  slopes  in  the  17-inch  rain- 
fall belt  of  the  Southern  Plains  tend  to  be  drjnaged  2 J  times  as  fast 
as  similar  land  that  is  nearly  level.    When  rain  totals  29  inches  ->  the 
rate  of  erosion  becomes  about  16  times  faster^ 

The  slope  of  a  piece  of  land  should  therefore  be  riven  full  con- 
sideration in  deciding  whether  it  is  suitable  for  long-time  culti- 
vation* 

Livestock  men  were  the  first  settlers  in  the  Plains  and  other 
dryland  areas  of  the  United  States.    Up  to  that  time  the  Indians, had 
obtained  much  of .their  food  from  the  Freat  herds  of  buffalo.  Tattle 
replaced  the  buffalo,  and  the  cattlemen  virtually  took  over  the  rlains 
as  a  grazing  region. 

As  settlements  increased  and  towns  grew,  the  demand  for  farmland 
increased.    The  cattlemen  were  thus  rraduaiiy  pushed  b?ck  until  all 
the  land  that  could  be  plowed  easily  had  been  broken.    The  open  range 
disappeared  and  barbed  wire  enclosed  the  plowed  fields_and  pastures* 
Mostly  only  rough  land  was  left  for  grazing,  which  farmers  used  for 
small  herds*  which  got  some  feed  from  crops  grown  on  the  plowed  land* 

This  livestock  system' has  come  to  be  one  of  the  stabilizing  types 
of  dryland  farming.    The  man  who  lives  on  the  land  and  farms  oh  a 
year-round  basis  usually  gets  along  better  and  is  more  sure  of  a  good 
living  if  he  has  some  livestock. 

He  can  then  work  put  his  cropping  system  so  as  to  make  use  of 
land  for  grazing  and  also  produce  grain  and  rough  ^eed  for  winter. 
His  main  precaution  is  to  adjust  the  number  of  linstock  to  the  feed, 
and  pasture  he.will  probably  have  in  unfavorable  years.    He  then  will 
be  able  to  build  up  some  reserve  supply  of  feed  for  the  poor  years*  or 
he  may  have  sbmS  for  sale  in  good  years* 

The  crops*  grown  for  feeding  vary  in  different  sections  of  the 
dry-farming  area*    Grain  sorghums,  sudan  grass,  or  some  type  of  sorphum 
for  hay  may  be  used  iri^the  southern  part  of  the  Plains  to  supplement 
native  pasture.    Some  legumes,  like  cowpeas  for  feed,  and  pinto  beans 
may  be  grown  if  climate  is  favorable.    In  many  places  wheat  may  be  used 
for  pasture  at  certain  times  if  ov3*gr-zinf  and  pasturing  too  late  are 
avoided* 
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In  the  central  and  northern  parts,  some  other  crops ;  may be  used 
to  supplement  the  pasture.    Some  corn  may  be  produced^  but  sorghums 
are:less  well  adapted  than  farther  south;    Barley  .and  oats  also  are 
feed  crops.    Rye  may  be  used  for  pasture  and  ±n  some  localities  vetch 
may  be  seeded  with  it. 

Throughout  the  dryland  country,  cattle  seem  to  be  the  type  of 
livestock  best  adapted  to  the  climate  and  the  type  of  feed available • 
They  make  good  use  of  native  grasses  and  can  be  wintered  on  rough 
feed  and  native  grass  hay. 

In  extensive  areas  in  many  parts  of  the  Plains  cattle  raising  is 
still  the  main  industry. _  Rangelands  may  be  concentrated  in  a  large 
block  of  country  with  drily  limited  areas  of  farmland;    What  farmland 
there  is  may  be  mostly  irrigated.    Examples  of  these  extensive  range 
areas  are  in  the  Sandhills  of  Nebraska  and /the  short-grass  country  in 
eastern  Wyoming,  Montana,  and  several  other  Western  States. 

In. some  areas  sheep  have  been  grazed  in  mountains  and  foothills* 
Texas,  Wyoming,  Montana,  California,  New  Mexico,  Utah,  and  Idaho  have 
produced  thousands  bf_ sheep  as  range  animals.    It  is  a  type  of  live- 
stock production  fpr  low-rainfall  regions,  but  is  not  classed  as 
typical  dryland  farming,  since  in  these  areas  it  is  chiefly  a  range 
type  of  livestock  production  and  involves  a  minimum  of  crop  production 
to  support  iti 

-  Soil  erosion  by  wind  and  water  has  come  to  be  a  big  problem  in 
nearly  all  dry-farming  areas.    Special  precautions  need  to  be  taken 
against  erosion  wherever  the  sod  has  been  broken  and  cultivated  crops 
grown;    On  steep  slopes  ah  occasional  heavy  shower  or  the  water  from 
melting  snow*  may  cause  severe  erosion  if  the  land  is  in  a  condition 
to  wash; 

On  level  land,  as  well  as  on  rolling  or  hilly  land,  wind  erosion 
does  extensive  damage  to  crops  and  soils.    In  practically  all  dry- 
farming  regions  the  control  of  wind  erosion  is  one  of  the  most  im- 
portant ooints  in  any  system  of  farming.    Wind,  erosion  may  not  be 
severe  every  year,  but  it  is  always  a  threat  and. can  occur  almost  any 
year  if  the  principles  of  control  have  been  neglected. 

Sandy  soils  are  more  subject  to  wind  erosion,  and  on  them  it  is 
harder  to  control.    Fine-textured  soils  may  also  suffer  from  wind 
erosion,  and  during  lone  droughts  they  may  suffer  from  soil  drifting 
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Soma  effective  yet  simple  methods  have  been  developed  to  hold 
down  wind  erosion.    Sone  of  the  more  Important  principles  of  control 


are: 


Keep  the  soil  covered  with  a  growing  crop  as  much  of  the  time  as 
possible i. 

'Then  land  i?  hot  in  a  growing  crop,  keep  the  residue  from  the 
previous  crop  on  it  by  the  Use  of  stubble  mulch,  in  which  the  land  is 
tilled  with  an  implement  that  pulverizes  the  soil  without  inverting 
it  or  burying  the  residue. 

Use  strip  cropping— alternate  strips  of  growing  crop  and  stubble 
or  svu'cbie-Sulch  fallow* 

Make  use  of  cloddy  fallow. 

Use  tree  shelterbelts  or  strips  of  tall  growing  crops,  to  protect 
adjoining  land. 

Use  emergency  methods  of  tillage  when  soil  starts  to  drift. 

The  equipment  needed  for  use  against  wind  erosion  is  discussed 
Under  methods  of  preparing  the  seedbed  for  wheat. 

Steps  to  avoid  wind  erosion  should  be  taker  at  least  a  year  be- 
fore the  time  that  erosion  is  most  likely  to  occur.    If  an  attempt 
is  made  to  control  the  erosion  by  shelterbelts,  the  trees  may  have 
to  be  planted  several  years  before  they  can  be  expected  to  have  much 
effect. 

Highly  effective  in  many  areas  is  the  stubble-mulch  method.  It 
involve!  the  use  of  stubble,  straw,  stalks,  or  other  form  of  residue 
to  reduce  the  velocity  of  the  wind  at  ground  level  and  thus  reduce 
its  ability  to  move  soil.    A  common  form  of  stubble  mulch  is  wheat 
stubble  and  straw  left  after  the  combine     It  must  be  left  on  the  sur- 
face during  the  preparation  of  the  seedbed  for  the  next  crop,  now 
crops :  thaf leave  a  dense  stubble  may  also  Offer  effective  protection. 

Sudan  or  sorghum,  even  though  much  of  the  plant  is  removed  for 
ha-  or  feed,  may  still  leave  a  dense  stubble  in  the  row.    If  it  is  cut 
6  to  12  iticheThifn;  depending  on  the  density,  the  field  may  be  reason 
ably  wen  protected     Such  stubble  should  be  left  upright  until  the 
next  crip  iTplanted,  if  possible.    Sometimes  it  is  feasible  to  drill 
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small  rratn  or  grass  mixtures  ih_the  stubble  without  previous  culti- 
vation if  there  are  hb  weeds.    If  that  can  be  done,  the  old  stubble 
-JiS"  afford  effective  protection  against  wind  erosion  while  the  new 
rras^  crop  is  pettiSf  started.    Corns  balks  or  sparse  stubbie  usually 
do  not  pive  good  protection* 


A  third  method,  that  of  usinr  strip  crops  to  control  wind  ^ro  si  on, 
has  been  widely  used  in  some  sections.    Alternating  strips  of  wheat 
and  fallow  may  be  5  to  10  rods  wide  or  even  wider.    Sometimes  they 
are  at  right  angles  to  the  most  destructive  winds.    Sonetinsfs  the 
strios  are  on  the  contour  to  get  the  greatest  orotection  arainst  run- 
off and  erosion  durinr  a  heavy  rain.    If  the  fallow  strin  is  handled 
by  the  stub^le-nulch  method,  almost  cbmolete  protection  apainst  wind 
erosion  usually  can  be  pctiieved. 

In  this  system  one  strip  would  be  in  frowinr  wheat^  which  was 
seeded  on  mulched  land  for  protection  against  soil  blowinr.  The  ad- 
joining strips  would  be  receiving  the  fallow  treatment,  in  which  the 
land  is  subtilled  with  equipment  that  leaves  the  residue  on  the  sur- 
face. After  the  wheot  is  harvested,  the  stubble  and  straw  protect 
that  strip,  and  the  fallowed  strip  is  seeded  to  wheat.  All  the  land 
is  thus  protected  at  all  times. 

Cloddy  fallow  may  be  used  with  any  type  of  fallowing;  if  the  sur- 
face is  left  largely  covered  with  clods  that  cannot  be  moved  by  the 
wind  they  will  orotect  the  fine  material  from  blowinr.  Fine-textured 
soils  form  rather  stable  clods  that  protect  the  soil-    Sandy  soils  do 
not  form  stable  clods;  even  if  the  soil  is  worked  when  moist,  the  clods 
weather  down  quickly.     The  effectiveness  of  the  method  therefore  de- 
pends on  the  kind  of  soil. 

The  use  of  tree  shelterbelts  received  a  great  stimulus  durinr  the 
decade  1933-19^2.    Millions  of  trees  were  planted  in  the  Treat  Plains 
with  the  idea  that  they  would  greatly  affect  wind  movements  and_ do 
much  toward  controlling  wind  erosion.    Narrow  belts  have  been  placed 
at  intervals  of i 20  to  U0  rods  in  some  sandy  areas* 

After  the  trees  roach  considerable  height  under  such  conditions, 
they  are  quite  effective  in  reducing  wind  damare  to  the  soil  or  crops. 

The  use  of  sheltex-belts  seems  to  have  about  reached  its  peak,  for 
several  reasons:    They  take  considerable  space  away  from  the  cultivated 
acreage  on  the  farm?  their  esthetic  value  is  great*  but  their  economic 
value  may  be  questionable;  we  have  agronomic  methods  for  reducing  wind 
erosion* 
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the  use  of  emergency  tillage  methods. Is. usually  brought  into  use 
when  more  effective  methods  have  been  neglected.    If  a  cultivated 
field  has  no  growing  crop  or  residue. on  it,  wind  erosion  nray  starts 
Roughening  the  surface  or  apart  of.it  may  then  stop  soil  movement  over 
the  entire  area.    Any  shovel-type,  tillage  implement,  like  a  plow,^ 
lister,  or  shovel  cultivator,  will  throw  up  clods  or  chunks  of  soil, 

which  will  tend  to  stoD  soil  moveneht.    One  or  two  lister  furrows  

snacpd  2  or  3  rods  apart  across  the  field  may  hold  the  soil  or  a  wheat 
field  from  drifting  for  a  while. 

-   It  may  be  nocessary_to_ run  more  furrows  between  the  first  ones  if 
drifting  starts  arain.    Disk  tools  may  be  used  to  stop  wind  erosion 
on  tilled  land  temporarily,  but  since  disk  implements  tend  to  pulverize 
the  soil  and  do  not  throw  up  clods,  they  are  less  effective  than  shovel- 
tvne  tools; 

If  land  is  kept  covered  with  stubble  mulch,  the  emergency  methods 
will  seldom  be  needed.    Emergency  methods  are  some^imen  necessary  on 

a  larpe  scale  if  wid^soread  droufht  has  reduced  the  pmount  of  mulch  

protection  that  can  be  provided.  Some  States  have  laws  reouiring  farm- 
ers to  use  emergency  methods  when  needed. 

;:-nter  erosion  is  a  more  serious  problem  in  the  dryland  farming 
area  thnn  is  generally  thought.    In  the  eastern  part,  ?  rainfall 
intensity  of  3  inches  an  hour  for  30  minutes  can  be  expected  to  occur 
about  once  in  $  years.    The  comparable  figure  farther  west  is  about  1 
inch.    Only  permeable  soils  or  soils  protected  with  residue  can  absorb 
rains  of  that  intensity. 

The  resulting  runoff  creates  a  water  erosion  problem  on  the  more 
sloDing  land  and  on  nearly  level  land  if  the  slopes  are  long,  because 
the  water  accumulates  on  the  lower  part  of  the  slopes.    A  stubble  mulch 
effectively  controls  water  erosion,  as  well  as  wind  erosion.     ±he_  _  _ 
litter  maintained  on  or  in  the  surface  breaks  the  force  of  the. falling 
raindrop,  reduces  the  speed  with  which  water  moves  across  the  land, 
and  maintains  a  favorable  condition  for  intake  of  water  at_ the. sell 
surface.    If  slopes  are  so  long  or  steep  that  residues  w ill  not  control 
erosion,  mechanical  measures,  such  as  terraces  and  contouring,  are 
needed. 

Terraces  generally  are  considered  applicable  oh  slopes  steeper 
than  about  1  percent,  on  w-ich  even  smallconcentrations  of  flowing 
water  attain  erosive  velocities.  Terraces  intercept  Vie  runoff  be- 
fore it  reaches  damaging  proportions. 
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On  long  slopes  of  less  than  1  percent.,  one  or  more  diversions  may 
be  needed  to  reduce  the  length  to  one  on  which  erosion  can  be  control- 
led by  vegetative  measures. 

The  dj versions  may  be  several  hundred  feet  apart.    Even  oil  the 
penile  slopes  some  farmers  prefer  a  re^iilar_ terrace  system  with  closer 
spacing  because  they  help  conserve  water, Planting  and  cultivating  row 
crops  oh  the  contour  has  noticeable  benefits  in  some  years  arid  is 
especially  important  on  terraced  land.    Contour  drilling  of  wheat  ia 
especially  beneficial  if  decp-furrow  drills  are  usedr 

The  term  wcrdp  rotation"  is  less  aptly  applied  in  dry-farming  areas 
than  elsewhere:    There  are. fewer  crops  from  which  to  choose  and  few 
legumes  that  can  be  generally  used  to  maintain  the  nitrogen  supply  in  the 
soils    It  is  therefore  not  so  important  that  any  particular  sequence  of 
crops  be  followed*    One  of  the  main,  considerations  is  to  arrange  the 
sequence  with  a  view  to  the  possibility  of  a  moisture  supply  for  the 
oncoming  crop.    For  example,  com  (in  areas _vhere  it  is  adapted)  usu- 
ally leaves  the  soil  with  a  better  suooly  of  moisture  than  does  small 
grain*    Wheat  usually  exhausts  the_ available  soil  moisture  almost  eri- 
tirelv  by  harvesttime.    Consequently  some  time  should  _elapse  before 
another  crop  is  seeded,    ^arly  preparation  of  the_  seedbed  after  wheat 
is  essential  if  another  seeding  of  wheat  is  to  follow. 

Whe?t  may  often  be  seeded  on  comland  from  which  the  crop  is  re- 
moved for  fod'ier  or  silage.  Or  it  mav  be  drilled  between  wide-SDaced 
corn  rows* 

Another  reason  for  not  using  the  term  "rotation"  so  much  is  the 
possibility, of  crop  failure.    Because  of  the  wide  fluctuations  in  an- 
nus! rainfall,  nearly  all  dryland  areas  experience  some  crop  failures 
or  hear  failures,  which  may  break  the  sequence  of  a  rotation,  -'hen 
the  farmer  has  to  nut  in  the  crop  that  has  the  best  chance  for  success 
under  the  conditions  of  soil  moisture  and  weather  at  the  times 

Some  examples  of  types  of  cropping  systems  that  might  be  adapted 
in  different  parts  of  the  dryland  farming  areas  of  the  United  States 
are:    Com,  wheat,  wheat;  com,  wheat,  fallow,  wheat;  corn  in  vide  rows, 
wheat,  wheat  on  early  worked  land; wheat,  fallow;  wheat,  sorghum, 
fallow;  corn  removed  for  silage,  wheat;  corn,  barley,  fallow,  wheat; 
wheat,  peas  for  canning;  wheat,  grass  several  years,  sorghum,  small 
frairi;  kafir,  cot*pees,  mild  (Southern  Plains). 
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The  type  of  cropninp  system  used  on  a  fiven  farm  has  evolved  on 
the  ba"sis  of  the  type  of  farming  a  man  wanted  to  carry  out;  several 
rather  distinct  types  of  dryland  farms  exxst. 

The  first  is  the  reneral  farm  that  has  considerable  livestock. 
This  type  usually  occurs  in  localities  in  which  a  food  supnly  of 
ranre  ot  pastureland  is  available  to  supplv  summer  gracing*  ;Hough 

Sn  and  roughage  should  be  produced  to  carry  the  live  stock  through 
the  winter.    Practically  all  crops  produced  are  fed  on  the  farm. 
Nearly  all  the  income  is  obtained  from  the  s^e_of _l±vestoQk  ^  xive^ 
stock  products.    Some  livestock  arid  a  United  acreage  for  feed  crops 
mflv  mean  a  more  stable  system  and  a  more  steady  income  than  a  one- 
Sop'heat  system.    In  many  areas  the  total  longtime -^me_mg  be 
higher  with  a  wheat  system,  but  that,  it  must  *  J^1^?'*^ 
some  total  failures.    The  farmer  must  decide  whether  he  can  stand  the 
financial  strain  in  order  to  realize  more  income  m  the  long  run. 

Another  type  of  mixed  farming  is  the  cash-grain  farm,  in  which 
the  returns  are  from  the  sale  of  prain,  seed,  or  hav. 

The  wheat  farm  derives  oractically  all  its  income  from  the  sale 
of  wheat.  The  farmer  lives  on  the  land  and  devotes  his  time  chiefly 
to  this  one  enterprise. 

The  "suitcase"  farmer  is  the  absentee  wheat  -rower.  ^  have 
a  orofession  or  business  in  a  city  and  occasionally  virit  the  farm  or 
inblbv  someone  to  do  the  farm  Work.    He  does  not  become  part  of  the 

yco"uni?y .  He  mav  not  see  the  wind  erosion  in  the  sprinr;  maybe 
he  does  nothing  to  help  control  erosion  durxnr  that  see  son. 

Some  farmers  try  to  adjust  their  plantings,™  Jhe  basis  of  the 
able  variability  from  year  to  year. 


Suppose  a  nan  started  out  on  the  .basis  pf  a  vtejt-fajlg»  system. 
If  Pood  rains  should  follow  harvest,  he  miFht  ret  moisture  into  the 
soil  to  a  depth  of  2  feet  or  more.    Then  he  might  decide  not  to  fallow 
the  land  the  following  year  but  to  put  it  back  to  wheat  for  another 
vear     likewise,  if  he  held  Wheatland  over  with  the  idea  of  fallowing 
Sr  anolheTwheat  crop,  but  found  the  soil  well  filled  ^  moisture 
by  spring,  he  would  have  the  choice  of  several  crops.    He  could  hold 
it  over  for  wheat,  but  would  produce  no  crop  that  year.    Instead  he 
might  plant  the  land  to  com,  sorghum,  ootatoes    or  some  other^crop 
and  thus  make  use  of  the  soil  moisture  as  soon  as  possible  after  it 
had  been  stored. 
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This  idea  of  faming  according  to  the  moisture  supply  offers  a 
basic  principle  for  the  dryland  farmer.    If  he  would  plant  a  crop  in 
season  every  time  he  has  ah  adebuate  supply,  of  soil  moisture  arid  leave 
the  seed  in  the  bag  when  he  does  riot  have  the  moisture^ _ he  would  but 
his  farming  on  a  more  realistic  basis,,    tie  would  be  .  taking  less  of  a. 
chance  with  the  possibility  of  rain  after  the  crop  is  .planted.    If  .the 
idea  were  adopted,  a  tile  spade  or  n  soil  auger  should  become  standard 
equipment  on  a  dryland  farm.    Either  of  those  tools  permits  a  fanner 
to  determine  quickly  the  depth  to  which  the  moisture  has  been  stored 
in  the  soils 


Available  soil  moisture  is  one  of  the  mnin  concerns  in  dryland 
farming.     The  rainfsii  during  the  time  a  crop  is  on  the  land  seldom 
is  enough  to  Produce  a  good  crop*    It  is  necessary  therefore  to  have 
some  reserve  moisture  stored  in  the  soil  before  the  crop  is  planted. 

Pesearch  workers  of  the  Kansas  Arricultural  ..xperiment  - tition  _ 
at  Havs  found  that  when  wheat  ua?  seeded  in  dry  soil  with  no  available 
moisture  stored  in  the  subsoil  the  averrre  yield  of  v.Theat  was  h.9 
bushels  an  acre;  when  the  soil  was  \:et  1  foot  deep  at  seeding  time, 
H.'7  bushels;  wet  2  feet  deep,  15.2  bushels;  and  when  wet  3  feet  deep 
or  mere,  26.5  bushels  on  acre.    The  uneven  distribution  of  _r*iof .ill 
rnd  the  frequent  occurrence  of  extended  dry  periods  has  led  to  the 
practice  of  fallowings     This  mocir.s  keopint  the  land  free  of  a  crop  or 
weeds  for  a  period  of  time  so  that  moisture  and  nitrates  may  be  ac- 
cumulated in  the  soil  for  use  by  the  next  crop. 

A  year  of  wheat  followed  by  a  year  of  fallow  has  come  to  be  a 
common  oroctice  in  the  wheat  territory.    A  wheat  crop  is  harvested  in 
the  central- Great  Plains  in  .Tul>      Unless  the  field  becomes  weedy  the 
land  is  allowed  to  lie  without  treatment  until  the  following  spriry, 
when  tillage  operations  for  fallow  begin.     The  land  tc  be  fallowed 
would  be  one-wayed  or  plowed  about  the  first  of  I>:ay  or  a  but  the  time 
weeds  or  volunteer  wheat  start.     The  land  is  then  worked  often  enough 
to  keep  dov:n  weeds,  but  do  it  to  break  the  crust  on  the  surface  of 
olowed  land,  to  reduce  runoff  durinp  the  next  rain,  and  to  avoid  wind 
erosion  on  smooth^  crusted  soils 

"tfork  at  numerous  dryland  experiment  stations  has  shown  that  deep 
working  of  the  soil  has  not  oercertibly  mitigated  the  effect  of... 
droufht.     It  has  not  increased  yields  of  crons  enough  to  be  profit- 
able, no  matter  what  method  has  been  used  to  deepen  the  cultivated 
la^er  of  soil,     )esoite  the  nrobf  furnished  by  Cr)  years  of  erne rime rits, 
which  hrve  failed  to  show  any  consistent  profit  from  dcen  tillage  or 
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tilling  into  the  subsoil,  interest  in  the  practice-  w.-xes  and  vanes 
periodic allv.    Ferhnps  deeper  tillage  _may.be  of  some  value  in  con- 
nection with  the  deeper  placement  of  fertilizers,  but  that  po-nt  has 
had  little  study  in  regions  of  limited  rainfall. 

Fertilizers  have  been  used  very  little. in  most  of  our  dry-farm- 
ing area-:,  as  those  soils  are  reasonably  well  supplied  with  the 
mineral  elements  plants  need.    In  some  places  the  addition  of  ohos- 
chorus  has  given  favorable  results.    Enough  nitrogen  usually  is  present 
to  allow  crops  to  make  use  of  the  available  moisture— especially  if 
a  crop  follows  fallow. 

Fallowing  not  only  allows  the  soil  to  store  water,  but  it  ac- 
cumulates nitrates  at  the  same  tine,     fte  use  of  nitrogen  fertilizer 
on  fallowed  land  has  riven  little  return  in  most  places  and  usually 
v-as  been  considered  impractical.    On  some  soils,  particularly  the 
sandier  tvpes,  pood  result?  from  nitrogen  fertilizers  have  .been  ob- 
tained, even  on  fallowed  land.    Increases  in  vieltf  of  rrain,  straw, 
or  protein  Content  have  been  obtained  under  many  conditions. 

As  to  the  future:    As  the  fertility  of  dryland  soils  is  gradually 
reduced  through  cropping,  greater  returns  from  the  use  of  fertilizers 
can  be  ejected,     ^fter  a  half  century  of  farming,  n^T-oren  ferti- 
lizers mav  begin  to  show  greater  returns  on  many  dryland  soils,  ai  

one  croo  follows  another  without  an  intervening  fallow,  ad^ed  nitrogen 
in  the  form  of  fertilizer  may  offset  somewhat  the  effect  of  no  fallow, 
especially  if  the  moisture  is  reasonably  adequate.    Chemical  analyses 
of  soils  in  various  certs  of  the  dryland  region  have  shown  that  they 
h*ve  lost  2<  to  hO  percent  of  their  total  nitrogen  since  the  land  was 
put  under  cultivation. 

Since  manv  of  the  soils  have  been  farmed,  for  only  30  to  JO 
vears    the  loss  can  be  considered  serious,    ^he  use  of  nitrogen  ferti- 
lizer would  aopear  to  be  only  a  matter  of  time.    The  need  for  phos- 
phorus or  other  mineral  elements  will  be  ascertained  for  various 
localities  as  the  land  continues  to  be  farmed. 

The  Use  of  barnyard  manure  has  given  only  slifht  returns,  like- 
wise preen  manure  has  not  been  very  effective  in  improving  the  growth 
of  the  following  crop.  -  The  benefits  from  these  treatments  may  in- 
crease after  the  land  has  been  farmed  for  a  longer  time,  and  further 
experiments  determine  the  most  effective  methods  of  using  them* 
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Some  fanners  burn  straw  and  stubbie  before  preparing  the  seedbed 
for  the  next  crop;    Often  they  have  found  that  the  yields  were  as 
hiph  as  from  land  where  the  straw  was  not  burned*    Since  tillape  was 
easier  after  burning,  they  have  asked  whether  the  practice  J.s .  sound. 
The  explanation  of  the  rood  yields  following  the  burriirip.  of  stubble 
involves  several  points.    In  the  first  place,  burhihr  all  the  trash 
on  the  field  makes  possible  a  good,  smooth  job  of  plowing. 

The  rate  of  nitrate  accumulation  may  be  increased  for  a  time 
after  the  straw  is  burned.    The  soil  micro-orpanisms  which  cause 
straw  to  decay  use  some  nitrate  present  in  the  soil  for  their  own 
prr owth j  consequently  in  the  burned  area  this  reaction  does  not  take 
place  and  more  nitrate  may  be  stored  for  the  immediate  use  of  the 
wheat  crop.    If  the  straw  is  burned  everjr  year  for  a  few  years,  how- 
ever, the  advantage    in  improved  yields  at  the  start  gradually  dis- 
appears.   The  land  to  which  straw  was  returned  may  then  rive,  the 
hipher  yields. 

the  great  advantage    in  returninf  straw,  instead  of  burning  it, 
is  that  the  straw  increases  the  caoacity  of  the  soil  to  absorb  water 
and  protects  it  ngainst  wind  erosion.     iTie  nitroren  returned  with 
straw  amounts'  to  about  10  pounds  a  ton  of  straw. 

The  equipment  for  dryland  farming  used  by  the  early  settlers 
was  what  they  took  alonp  with  them.    The  touf h  grass  sod  was  first 
broken  with  a  sod  plow,  or  prairie  breaker,  which  had  a  lorn-  nold- 
board,  or  steel  bar,  for  inverting*  the  furrow  slice. 

In  later  years  came  the  stubble  plrfw,  which  had  a  much  shorter 
moldboard._  .It  turned  the  furrow  slice  and  did  nuch  oulverizinp  of 
the  soil* 

Much  of  the  early  research  on  the  dryland '©cperimental  farms  was 
concerned  with  the  time  and  depth  of  moldboard  plowinp  for  various 
crops.    Plowinp  was  a  pood  way  to  start  preparation  of  a  seedbed, 
but  later  people  realized  that  it  had  some  shortcomings.    It  permit- 
ted much  erosion  durinp  henvy  rains  and  exposed  the  soil  to  severe 
wind  erosion. 

Other  types  of  tillape  tools  have  been  introduced  since.    One  of 
the  most  widely  used  is  the  one-way  diskplbw._  It  stirs  the  soil, 
pives  a  minimum  of  trouble  in  operation,  and  land  can  be  covered 
rapidly  with  it.    The  principal  objections  are  that,  beinpa  disk  im- 
plement, it  tends  to  pulverize  the  soil  too  finely  and  tends  to  bury 
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the  crop  residue  too  completelyi     ft  may  be  used  for  the  first  oper- 
ation to  kill  weeds  and  volunteer  plants i  but  if  usec^  a  second  time 
or  more  it  may  bury  most  of  the  residue  and  lead  to  wind  erosions 

h*  more  appropriate  implement  for  the  second  and  later  operations 
is  the  subtillbr,  usually  a  V~sweep-t,ype  machine  that  has come  into 
use  for  stubble-mulch  farminp.    By  the  careful  use  of  subtillers, 
enough  residue  may  be  preserved  from  one  crop  to. hold  the  soil  until 
the  next  crop  is  started  to  cohtrbl  wind  and  water  erosion.  With 
tbis  stubble-mulch  system,  of  course,  other  useful  methods  should  be 
used-- practical  croppirir  systems,  stripcroppinp,  cloddy  fallow,  and 
sometimes  terracing* 

The  use  of  power  machinery  has  helped  the  dryland  farmer  im- 
measurably.   Tractors  and  large  equipment  enable  hjjn  to  do  his  til- 
lage, seeding,  and  harvesting  operations  in  less  time  and  aVthe  most 
advantageous  time.    Timely  operations  m?y  be  of  importance  not  only 
for  the  crop  but  also  in  the  control  of  insects  and  diseases^ 

Reseeding  dry-farming  land  to  grass  has  been  suggested  as  a  way 
to  treat  the  drylands  that  are  not  well  adapted  to  cultivations 

A  considerable  amount  of  reseeding  is  done  by  farmers  who  need 
additional  pastureland  to  support  their  livestock  programs    But  many 
farmers  feel  that  they  will  realize  a  higher  return  from  the  land  if 
it  is  in  cultivated  crops.    Another  reason  why  reseeding  to  grass  is 
not  done  more  widely  is  that  it  is  hard  to  establish  grass  or^cuiti- 
vated  land.    Very  dry  weather  may  follow  seeding,  so  that  germination 
will  be  low  and  the  chance  for  survival  of  the  seedlings  greatly  re- 
duced.   Only  about  one-third  as  much  land  is  seeded  to  grass  in  the 
17  Western  States  as  is  seeded  in  the  vest  of  the  countrys 

The  types  of  grass  used  in  different  parts  of  the  dry-farming  _ 
area  vary  with  climatic  conditions.    The  methods  of  seeding  also  vary 
widely •    In  order  to .conserve  moisture  and  obtain  protection  against 
soil  blowing,  much  of  the  grass  seedinp  is  being  done  through  some 
sort  of  residue  cover.    In  the  Northern  Flains  it  is  common  practice 
to  drill  grass  seed  into  wheat  stubble  in  late  fall  with  no  previous 
3eedbed  preparation.    The  seed  is  then  in  the  ground  ready  to  germi- 
nate and  start  growth  with  the  first  warm  days  of  spring,  when  the 
soil  very  likely  is  moist  enough. 

In  the  Southern  Plains  some  tillage  of  the  seedbed  may  be  given, 
but  the  seeding  is  best  done  with  drills  that  have  depth  gages,  so 
the  seed  will  be  planted  deep  enough  to  get  moisture  but  not  so  deep 
that  the  seedlings  cannot  come  through  to  produce  a  good  stand. 
Seeding  with  some  protective  residue  cover  aids  in  holding  moisture 
for  germination  and  prevents  the  young  plants  from  being  blown  out 
or  from  being  cut  off  by  blowing  soil  or  sand  particles. 
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TROPICAL  AND  SUBTROPICAL  AGRICULTURE 


Optimum  production  of  crops  is  effected  by  addition  of 
fertilizers  and  amendments  to  soils  of  good  physical  structure. 
More  often  than  hot,   howe/er,  measures  to  curtail  losses  from 
leaching  and  erosion,  to  improve  water  relations,   to  maintain  ( 
soil  organic  matter,  to  rehabilitate  worn-out  soils,   or  to 
reclaim  waterlogged  or  saline  soils  are  necessary  before  a  soil 
fertility  program  can  be  utilized  to  advantage.     Soil  management 
begins  with  clearing  of  the  virgin  cover,  be  it  tropical  rain 
forest,   savanna,   or  grassland,   and  continues  so  long  as  the  soil 
is  used  for  agricultural  purposes .     Perhaps  in  no  other  part  of 
the  world  are  soil  management  measures  more  important  than  In 
the  tropics  and  subtropics  (jacks  and  Whyte,  1939).     Failure  of 
agricultural  systems  to  comprehend  the  significance  of  erosion, 
as  well  as  intensive  weathering  under  hot,  humid  conditions,  has 
brought  about  the  widespread  distribution  of  poor,  badly  eroded, 
infertile  soils  all  over,  the  tropics  and  subtropics.  Intensive 

management  is  heeded  to  return  these  lands  to  productive   

agriculture  and  to  retain  fertility  and  good  structure  In  those 
which  now  possess  them. 

Three  general  systems  of  agriculture,  exclusive  of  livestock 
farming,  are  practiced  in  the  tropics  and  subtropics :  .  paddy 
(pad!)  or  lowland  rice;  patch,    "ladang"  or  ^aingin"  (shifting 
culture);  and  intensive  culture   ( LoWde  rmi  Ik,  193^1  _  Russell,  1950; 
Robinson,   1950;   Jackson  and  Sherman,   1953;   Pendleton,   195^ ) • 

Paddy  culture  is  one  of  the  outstanding  features  of  the 
lowland  tropics.     The  major  requirement  of  lowland  rice  is 
water.     Wherever  rivers,   lakes,   or  canals  can  be  diverted  the 
crop  may  be  grown.     Generally,   paddy  fields  are  located  in  level 
terrain,   although  hillsides  may  be  terraced  at  an  infinite 
expense  of  labor  as  long  as  there  is  possibility  of  irrigation 
Lowland  rice  is  the  major  grain,  the  basic  diet  of  millions  of 
people  in  the  tropics.     It  can  be  raised  successfully  on  land  too 
poor  to  support  almost  any  other  crop.     Paddy  fields,  unlike 
patch  plantings,  are  farmed  year  after  year  in  the  same  place, 
Sometimes  for  generations,   soil  fertility  being  maintained  by 
careful  management  and  continual  replenishment  of  nutrients 
from  organic  matter  and  the  water  that  flows  slowly  over  the 
areas.     Paddy  culture  is  destined  to  remain  the.  mainstay  of 
tropical  agriculture  for  small  farmers  in  many  countries  until 
Ways  and  means  are  developed  for  reclaiming  the  fertility  of 
upland  soils  on  a  broader  scale  than  is  now  possible. 

Patch,  "ladang  or  kaingln,  culture  is  the  type,  of  agriculture 
utilized  by  small  holders  *>n  land  incapable  of  being  flooded  for 
paddy.     It  consists  typically  of  clearings  opened  up  in  the 
Jungle  around  a  village.     During  the  dry  season,  the  farmer  cuts 
the  trees  back  to  poles,   felling  the  larger  ones,  and  piles  up 
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the  Underbrush  so  that  the  trash  may  be  burned  or  the. large 
pieces  sold  for  fuel  after  it  has  dried;     Crops  are_ planted _ _ 
in  little  holes  for  one,  two,  or  three  seasons  until  the  soil 
has  lost  its  'fertility  or  weeds  cannot  be  overcome  with  the 
simple  hand  tools  that  are  used .     The  clearing  is  then  _ 
abandoned  and  the  practice  repeated  elsewhere.     Mainly  food 
crops  are  planted)  but  cash  crops,  such  as  cotton,  rubber, 
cacao,  coffee,  and  tobacco,  may  also  be  grown.     Patch  culture 
is  at  best  a  subsistence  agriculture,   since  the  small  plots, 
will  provide  little  more  than  enough  to  feed  the  family  during 
the  year.     It  is  ext-remely  wasteful  of  land  as  five,  ten,  15 
years  or  longer  periods  are  required  before  the  forest  returns 
and  the  same  plot  can  be  replanted.     This  means  that  each 
farmer  needs  ten  to  15  times  more  area  to  grow  his  crops  than 
a  single,  well-fertilized  plot  on  better  soil.  Oftentimes, 
the  serious  grass  pest  cogon  (Imperata  cylindrica  Beauv.) 
obtains  a  foothold  in  the  clearings  before  the  forest  fires 
kill  out  the  seedlings  of  forest  trees,  enabling  the  cogon  to 
convert  the  area  into  savanna.     A  stand  of  cogon  is  so  dense 
that  it  cannot  be  cleared  with  hand  tools,  and  the  intense 
root  competition  smothers  Out  crops  planted  among  the  grass. 
A  partial  solution  in  central  Africa  is  to  hill  the  soil  up 
into  mounds  and  plant  the  crop  on  top.     The  intrusion  of  • 
cogon  into  forest  clearings  has  converted  extensive  areas  of 
Asia  and  Africa  to  savanna,  areas  which  are  lost  to  agriculture 
until  the  grass  can  be  plowed  out  and  destroyed  by  power 
equipment .  ,& 

/    Intensive  culture  in  the  tropics  and  subtropics  falls 
Into  two  general  categories,  plantations  and  small  holdings. 
These  provide  the  world  with  bananas,  citrus,  pineapples, 
coffee,  cacao,  tea,  rubber,  spices,  copra,  palm  oil,  sugar  cane, 
fibers,  and  other  crops.     Some  of  them  require  such  simple 
processing  that  small  holders  can  grow  them  as  cheaply  as 
plantations.     In  other  cases,  the  advantages  of  large-scale 
production  are  secured  by  cooperatives.     This  is  particularly 
true  with  those  crops  which  require  large  areas  to  support  a 
factory  or  processing  plant  of  economical  sU'.e  Or  whose  markets 
are  principally  in  export  trade .     Cash  crops  in  small  holdings 
are  of  definite  value  to  a  country.     The  number  of  farmers 
engaged  in  raising  them  may  be  expected  to  increase  as  fertility 
and  management  practices  developed  by  governmental  agencies  and 
plantation  personnel  are  adopted. 

-  REMOVAL  OF  PLANT  COVER 

Preparation  Of  land  in  tropical  and  subtropical  regions 
consists  of  removal  of  the  existing  plant  cover  in  such  a 
way  as  to  effect  the  transition  from  forest  or  grassland  to 
intensive  crop  culture  with  minimum  disturbance  of  the  natural 
equilibrium  of  soil)  Vegetation,  and  climate.     Forests  or 

grasslands  can  be  cleared  with  machinery,  hand  labor,  or  a   

combination  of  the  two.     Where  a  new  plantation  is  being  opened 
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and  the  terrain  is  relatively  level  so  that,  erosion  is  not  a 
serious  problem,  all  of  the  operations  may  be  carried . out  with 
power  equipment,  such  as  bulldozers    road,  scrapers >   stump  pullers, 
and _ the  like.     If  labor  is  readily  available >  _the_ area  is  small, 
or  the  land  is  steep,  clearing  may  be  done  entirely  by  hand.  ; 
labor  us^ng  axes,   saws,  mattocks,  shovels  ;  arid  hoes..     Both  have 
their  advantages.     Heavy  land-clearing  equipment  like  bulldozers 
with  their  cleated  tracks  churn  up  the  ground  thoroughly,  but 
they  can  clear  large  areas  quickly  and  economically *  Hand 
labor  is  slower,  although  selectivity  can  be  exercised  in  removal 
of  trees  and  herbaceous  cover  which  might  be1  retained  to  help 
reduce  erosion  while  clearing  is  in  progress .     On  the  average 
plantation  where  an  area  up  to  100  ha.  may  be  opened a at  one 
time,   it  is  generally  less  expensive  to  use  hand  labor  for  some . 
of  the  operations,  with  tractors,  road  scrapers,  chain  saws, 
and  similar  equipment  to  aid  in  felling  trees,  getting  out 
stumps  and  roots,   leveling  the  land,  building  terraces,  and 
other  heavy  work.     Such  machinery  will  be  used  in  maintenance, 
around  the  plantation  later  on  and  should  be  available  when  the 
land  is  being  cleared.     Draglines  or  ditch  diggers  are  helpful 
for  making  drainage  ditches .     They  and  other  heavy  equipment 
may  be  rented  as  the  need  for  them  arises.     Certain  laborious, 
time-consuming  tasks  like  digging  out  large  stumps  and  boulde.rs 
can  be  expedited  by  tlie  judicious  use  of  explosives.     If  the 
plantation  manager  or  one  of  his  men  is  expert  *ln  handling 
thern,   they  can  be  useful  in  many  other  ways/'  as  for  instance, 
digging  large  drainage  ditches-.     The  small  holder' who  wishes 
to  clear  a  hectare  or  two  v/ill  generally  do  everything  by  hand, 
. aided  perhaps  by  a  tractor. 

The  first  step  in  opening  a  plantation  involves  a  detailed 
survey  of  the  terrain .     Sites  for  the  factory,   office,  manager  hs 
and  laborers 1   housing,   and  accessory  buildings  are  .selected  at 
this  time  even  though  their  location  may  have  to  be  changed 
after  clearing  is  completed .     Ideally,  they  should  be  in  as 
nearly  a  central  spot  as  availability  of  adequate  water  supplies 
and  considerations  of  health  and  accessibility  will  permit. 
The  land  to  be  cleared  is  parceled  off  into  blocks  which  may 
be  any  convenient  size  and  dimensions.     If  the  topography 
permits,   they  are  square  or  rectangular,   four  or  five  hectares 
In  extent,   and  oriented  with  the  edges  north-south  and  east-west. 

Clearing  of  virgin  or  old  cecond-growth  jungle,  densely 
forested  areas,  and  of  young  second-growth  Jungle,  savanna, 
sh^ub  thickets,,  or  grassland  follows  the  same  general  pattern, 
except-  that  removal  of  large  trees .does  not  pose  a  problem  in 
the  latter  group.     Where  the  blocks  are  cleared  by  hand  labor, 
they  are  divided  into  about  ten  sections .     Gangs  of  six  to 
eight  men  work  with  axes  and  saws  in  alternate  sections  so  that 
trees  may  be  cut  down  without  endangering  anyone.     Each  gang 
or  pair  of  gangs  has  a  tractor  equipped  with  a  chain  to  aid  in 
felling  trees  and  large  clumps  of  underbrush  as  well  as  .  for 
dragging  off  trash.     Starting  at  the  uphill  side  of  the  block, 
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the  men  first  clear  away  the  Underbrush  and  small  trees  ^diameter  of 

2S  cm.  to  make  room  to  fell  the  giants; __The  portion Lof  the  area  &||9»tg 
as  the  plantation  watershed  may  be  selectively  thinned  or  left  intact.  The 
driest  trees  are  cut  down  last.    Timber  that  is  too  sma  1  to  be  sawed  up 
into  lumber  is  laid  horizontally  across  the  slope,  dumped  into  ravines,  or 
oiled  up  for  burning  in  areas  that  will  not  be  planted.    The  ashes  I ran  burn; 
?ng  havl  a  beneacilt effect  on  acid  soils  but  are  not  recommended  on  neutral 
o?  alkaline  soils.    Also,  if  the  piles  are  made  too  large,  burning  may 
sterilize  the  soil  around  them* 

After  the  underbrush,  termite  nests,  and  trees  are  removed,  the  stumps 
and  larger  roots  remain.  'These  may  simply  be  left  to  rot  if  the  crop  is  not 
particularly  sensitive  to  root  rot  or  does .  not  cemmand  a  high  "^[^^price. 
Stumps  and  large  roots  close  to  the  surface,  however,  are  an  unmitigated 
nuisance.  *s  *hev  make  regular  planting  and  machine  cultivation  almost  im- 
oossible    'Several  methods  are  possible  to  effect  their  removal.    Stumps  may 
fl  du,  aiouhd  and  cut  off  at  a  depth  of  60  to  75  cm.  below  the  ground  level. 
A  tractor  with  a  heavy  chain  may  be  used  to  pull  them  out.    Lanje  stumps,  if 
thev  are  reasonably  sound,  can  be  blown  out  with  explosives.    A  stump  puller 
„av  be  used.    (This  is  a  heavy  crawler-tvpe  tractor  equipped  with  an  apparatus 
Scsirned  and  operated  like  a  dentist's  forcepts.)    Large  roots  and  smaller 
Sumps  may  be  Removed  by  a  bulldozer  equipped  with  a  ?c^?y?s^t?n  £" 
usual  blade.    The  scarifier  has  stout  steel  fingers  which  effectively  rip  up 
thTeround  to  a  depth  of  30  to  60  cm.    Three  additional  systems  of  ridding 
arlal  of  roots  andPstumps  have  been  worked  out  in  the  Far  East  where  clearing 
is  done  almost  entirelyby  hand  labor.    Strip  or  semiforest  cultivation  was 
orioinated  in  Malaya  by  Birkmose  and  has  been  used  extensively  in  Indonesia 
for 'rubber  and  other  crops.    Wide  strips  along  the .^^^{^ig^ 
row,  are  cleared  and  cleaned  of  stumps  in  the  jungle,  and  the  crop  is  planted 
in  these,  leaving  the  borders  intact.    The  system  reduces  erosion,  but  its 
disadvantages  arl  excessive  shading,  root  competition,  continued  loss  to  a 
certain  extent  from  root  diseases,  and  the  danger  to  personnel  from  wild 
S        Hitch  clean  clearing  or  stop  clean  clearing  has  proved  beneficial 
S  Si  and  rubber     uitch  clean  clearing  consists  of  digging  a  trench  about 
60  cm?  wide'  as  deep  as  needed,  and  4  to  S  m.  long.    Soil  from  one  side  of 
the^rench  is  worked  and  then  the  other  before  tne  trench  is  moved  forward. 
The  work  is  tedious,  but  results  in  thorough  removal  of  even  small  roots. 
Step  Ilean  clearing' is  more  intricate  and  needs  more  supervision    but  the  soil 
is  le*t  more  Or  lets  intact.    The  system  consists  of  cleaning  the  soil  m 
lavers  wnich  St  "led  on  top  of  those  previously  cleared     The  ^cfjr*^ 
in  clearing  voune  second  growth  iungle,  savanna,  shrub  thickets,  and  grassland 

s  to  ri<  thf  soil  of  ri.Some  mats  bf'nOxiOus  grasses  like  cogon.    The  simplest 
"/  is  to  plow  up  the  lard  and  rake  it  several  times  with  laborers  trailing 
after  the  tractor  *o  pick  up  loose  pieces  of  rhizeme.  j 

A  rood  transportation  network  enhances  economical  operation  of  a  planta- 
tion    Major  access  roads,  railway  lines,  canals,  bridge*,  and  dams  are 
generally  contracted  to  engineering  firms  which  specialize  p  construction. 
Koads    paths,  drainage  ditches,  and  similar  structures  arc  built  by 
SSIil^ji^i.    if  ft  has  not  already  been  done  «  »JJPg  °{  **g* 
out  the  blocks,  a  detailed  topographic  survey  is  made.    In  fjat  terrain,  tne 
roadways  are  run  along  the  boundaries  of  the  blocks;    in  hilly  land  they 
follow  the  contours  as  nearly  as  possible     Roads  for  trucks  ^gg**^1" 
are  traded  to  a  slope  of  not  more  than  eight  degrees  and  for  pedestrians  or 
SSefTS  more  thS  15  degrees.    Main  roads  are  usually  ^  about  6  m  wide, 
while  roads  in  the  interior  of  the  blocks  are  about  3  m.    Heavily  traveled 
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roads  are  gravelled  or. asphalted; _  those  with  light  traffic  are  soddeJ  with 
grass  arid  gravelled  only  in  heavily  shaded  spots,    they  should  have  a  slightly 
rounded  crown  so  that  they  shed  water  easily  into  ditches  on  either  side; 
Ditches  along  the  roadways  may  conveniently  be  made  part  of  the  over-ail 
drainage_system  of  the  plantation^  in  which  case  they  are  shallow  or  deep, 
wide  or  narrow,  depending  on  the  yoiane^of  water  they  must  carry.    The  sides, 
of  the  ditches  nearest  the  road  are  made  with  a  long  gentle  slope,  if  possible ^ 
and  reinforced  with  material  such  as  sod,_stone^  or  rip-rap  to  protect  against 
washouts;    Low  stone  or  sod  dikes,  25  to  30  cm.  high,  or  wood  pales  are 
installed  in  the  ditches  at  intervals  of  20  to  25  m.  to  slow  down  the  water. 
Ditches  along  roads  bordering  the  plantation  or  waste  areas  of  forest  are  made 
deep  enough,  usually  1  to  2  ni.p  to  check  competition  from  roots  of  the  wild 
plants.    Paths  are  made  in  the  interior  of  the  blocks  to  afford  easy  access  by 
the  laborers  to  all  parts.  ' 

CONTROL  OF  EROSION 

The  most  important  phase  of  soil  management  and  probably  the  outstanding 
problem  of  agriculture  in  general  is  the  control  of  erosion,  which  is' caused 
largely  by  the  interference  of  man  with  the  equilibrium  that  exists  between 
soil  and  its  envirorment ♦    Natural  erosion,  or  weathering,  is  normally  a  slow 
process  even  under  the  drastic  conditions  prevailing  in  the  tropics  t_and,  as 
long  as  the  soil  is  covered  with  vegetation,  thousands  or  millions  of  years 
may  be  required  for  complete  destruction.    Catastrophic  erosion  occurs  when 
man  or  some  other  agency  disrupts  the  natural  equilibrium,  and  the  soil  is 
exposed  to  the  full  force  of  rain,  wind,  and  sunshine.    Then,  loss  of  soil 
bv  actual  removal  or  oxidation  is  vastly  accelerated,  and  within  a  few  years, 
or  in  extreme  cases  a  few  months,  material  that  has  taken  centuries  to  reach 
its  present  fertile,  friable  state  is  reduced  to  bare,  unweathered  rock. 

Soils  of  jthe  humid  tropics  and  subtropics  are  particularly  vulnerable 
to  erosion  from  torrential  rains  which  are  characteristic  of  these  regions. 
Control  of  erosion  in  these  and  other  areas  has  been  an  age-old  problem. 
Early  civilizations  in  China,  India,  Ceylon,  Malay  Archipelago,  Asia  Minor, 
Africa,  the  Mediterranean  region,  and  the  Americas  were  well  aware  of  the 
destruction  caused  bv  denudinp  lands  of  their  vegetation  through  overcrop;  mg 
and  overgrazing  and  devised  measures  to  conserve  and  protect  the  soil.  In 
certain  regions,  notably  the  Asiatic  tropics,  two  systems  are  still  widely 
used  bv  native  populations.    One  of  these,  paddv  or  lowland  rice?  is  the  main- 
stay of  agriculture  on  lands  that  can  be  flooded.    Loss  of  soil  is  confined 
for  the  most  part  to  fine  sediment  swept  awav  in  the  water  as  it  moves  slowly 
across  tte  fields  on  its  way  to  the  sea  so  that  lands  in  the  upper  parts  of 
a  watershed  gradually  lose  their  fertility. 


HORTICULTURE 


Development  counselors  have  found  that  local  conditions  will  deter- 
mine the  feasibility  of  attempting  to  improve  existing  systems  offruit 
or  vegetable  production*    Disease  and  insect  problems  make  the  intro- 
duction of  new  plants  extremely  difficult.    Crossbreeding  and/ or  graft- 
ing may  help  to  solve  disease  problems  but  these  should  ^considered 
only  at  the  advanced  stages  of  development.    Mechanical  control  or  hand 
killing  of  insects  may  prove  adequate  where  labor  is  plentiful  and 
spraying  impractical. 

The  manual  makes  no  attempt  to  discuss  varieties  of  vegetables _-$ 
fruits  or  crops ,  because  of  extreme  variations  of  species  and  growth 
factors  in  different  locales.    Study  and  observe  the  existing  situation 
before  making  recommendations.    Expand  arid  improve  the  growing  and  uses 
of  local  fruits  arid  vegetables  as  the  most  feasible  means  to  improve 
village  horticulture*  Methods  of  curing  arid  storage, often  provide  a _ 
means  to  a  yearly  supply  of  vegetables  and  seine  fruits.    An  underground 
potato  cellar  may  provide  storage ,  or  natural  cooling  might  suff ice, 
(For  dryirigi  see  Sun  Drying  of  Fruits  and  Vegetables  under  Home  Industries*) 

1.    Fruits.  Principal  fresh  fruits  of  world  cdnmerce  are  the  grape, 
apple,  orangej  pear1  plum  and  banana;    principal  riuts  are  the  almond, 
Brazil  nut J  chestnut,  coconut,  filbert -$  pecan  and  walnut.    Large  quan- 
tities of  fruits  are  dried^  canned^  frozen  arid  otherwise  processed. 
The  grape,  including  grapes  grown  for  wirie#  for  drying  arid  for  table  use, 
is  the  leading  fruit  of  the  world. 

The  apple  is  the  moit  important^trce  fruit  of  the  temperate  zone* 
The  orange  is  the  most  important  commerci a 1  tree  fruit  of  tropical  arid 
subtropical  regions.    The  date  is  an  important  crop  in  the _ drier  areas 
of  the  world.    There  are  more  species  of  fruit  in  the  tropics  than  in 
any  other  region,  but  most  of  them  are  oily  of  local  importance  because 
of  their  highly  perishable  nature.    The  four  of  greatest  commercial 
value  are  the  banana j,  pineapple -f  coconut  arid  Brazil  nut.    Others  include 
mango,  avocado^  papaya,  guavas  sapodilla,  cherimoya  and  prickly  pear. 
The  mango  is  as  important  to  the  people  of  India  as  is  the  apple  to  the 
inhabitants  of  the  temperate  regions,    the  banana  is  the  great  starch 
food  of  the  tropics, 

i? 

In  the  growing  of  fruits^  the  first  factor  to  catsider  is  the  kind 
of  fruit  to  be  grown.    The  variety  selected  should  be  well^adapted  to_ 
the  particular  section  of  the  country  in  which  the  enterprise  is  to  be 
located.    Successful  fruit  growing  requires  careful  attention  to  all 
production  practices,  particularly  spraying  for  pest  control. 

Having  selected  the  location  and  the  kinds  of  fruits  to  be  grown, 
the  particular  area  of  the  farm  on  which  the  fruits  .are  to  be  grown 
should  receive  consideration  next.    Soilis  the  most  important  factor 
in  selection  of  the  site.    Fruits  will  grow  on  a  fairly  wide  range  of 
soil  types  but,  in  general,  fruit  plants  grow  and  produce  most  sat is- 
factorily  in  a  soilthat  is  at  least  moderately  fertile^  well  drained* 
well  aerated  (so  that  the  roots  may  penetrate  deeply)  arid  adequately 
supplied  with  moisture.    The  presence  of  an  abundance  of  organic  matter 
in  th^soil  is  a  great  aid  in  retaining  moisture.    Fruits  usually  do 
best  on  slightly  acid  soils* 
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2.  Vegetables.    Because  of  their  bulk  and  their  perishable  nature, 
fresh  vegetables  do  not  .figure  prominently  in  world  commerce  as^do 
fruits  and  nuts.    In  domestic  commerce,  however;;  vegetables  surpass 
fruits  in  value.    The  sweet  potato  is  a  universal  food  crop  in  the 
tropics  and  offers  much  premise  for  development  * 

The  vegetable  garden  is  primarily  to  provide  food  for  the  family^ 
vet  it  may  reach  considerable  economic  importance  in  the  aggregate.  The 
size  of  the  garden  will  be  dictated  by  the  size  of  the  family,  the 
interest  in  gardening!  the  labor  available  and  the  geographical  location. 
Following  is  a  suggested  plan  for  a  garden  30  to  60  ft.  for  temperate 
zone  conditions  and  arranged  in  numbered  rows  according  to  season  of 
planting:     (i)  asparagus;    (2)  lettuce  and  radishes;     (3)  spinach, 
followed  by  cucumbers  and  bush  squash;     (4)  onion  sets;    (5)  early 
turnips,  mustard,  cress;    (6)  early  beets ,  followed  by  late  cabbage; 
(7)  onions;    (8)  parsley^  carrots;    (9)  parsnips;    (103  early  P^as^ 
followed  by  string  beans;    (11)  cabbage^  cauliflower;  _(12)  lettuce, 
followed  by  celery;    radishes,  followed  by  celery;    £13}  late  peas;_ 
(14)  string  beans;    (15)  early  sweet  corn,  followed  by  turnips;  (16) 
late  sweet  corn;    (17)  dwarf  lima  beans,  peppers;  and  (18)  tomatoes 
and  eggplant • 

3.  Propagation-  of  Plants.    Horticultural  plants  are  propagated 
(i^e^,  increased  in  numbers)  by  two  methods ,  namely^  by  seedage  (sexual 
propagation)  involving  the  formation  snd  planting  of  seeds ^  and  by 
vegetative  means  (asexual  propagation)  involving  the  use  of  a  portion 
of  the  plant  other  than  the  seed.    Propagation  by  seed  is  employed  for 
plants  which  provide  ah  abundance  of  seed  and  which  can  be  bred  readily 
to  uniform  and  pure  lines ,  as  most  annual  flowers  and  many  vegetables. 
Hybrid  seed,  such  as  that  used  for  sweet  com,  is  produced  by  developing 
two  pure  lines  and  then  combining  them  by  cross- fertilization.  Such 
seed  may  produce  superior  yields,  but  seed  taken  from  plants  raised 
from  hybrid  seed  should  not  be  used  for  reseedingi 

Seed  of  herbaceous  plants,  such  as  tomato,  onion  and  zinnia,  will 
germinate  as  soon  as  it  is  mature ^    On  the  other  hand,  seed  of  many 
wood  plants  must  be  afterripened  before  it  will  germinate.    Thus  -9  peach 
seed  requires  12  weeks  at  about  41"  V*,  under  moi s t surround i ng s ,  and_ 
apple  seed  requires  8  weeks  at  approximately  the  same  temperature.  In 
nature ,  these  conditions  are  provided  out-of-doors  in  winter.  Nursery- 
men and  plant  breeders  either  plant  such  seed  in  the  early  fall,  or  

provide  similar  conditions  by  stratification  in  which  sebds  are  placed 
in  boxes  or  trays  in  alternate  layers  with  s and j  soil  or  peat  moss  and 
stored  at  temperatures  of  about  41°  for  the  period  of  tvne  required 
for  the  particular  seed  under  treatments 

\  _  _  _  \ 

Plants  are  propagated  vegetative ly  from  portions  of  leaves,  stems 
or  roots .    Although  in  propagation  by  seed  each  plant  varies  somewhat 

from  every  other  plant  in  the  lot,  in  Vegetative  propagation  all  

daughter  plants  are  identical  in  genetic  make-up  and  are  also  identical 
to  the  parent  plant  from  which  they  are  secured.    This  is  of  great 
importance  in  horticulture j  since  it  means  that  a_ single  plant  with 
desirable  characteristics  can  be  retained  and  perpetuated,  identical 
in  all  respects  to  the  originals    None  of  the  common  tree  fruits^  such 
as  the  apple,  pear,  cherry,  pitm  and  peach  will  produce  true  frctn  seed; 
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distinctive  horticultural  varieties,  such  as  the  Northern  Spy  apple  arid 
the  Washington  Navel  orange ,  are  propagated  by  vegetative  means. 

A  combination  of  both  seedage  and  vegetative  propagation  is  common 
with  many  woodv  plants,  such  as  fruit  trees  and  roses,  in  which  an 
inexpensive  seedling  root  is  raised  from  seed  and  upon  which  the  desired 
variety  is  then  budded  or  grafted.    The  portion  of  a  plant  which  serves 
for  the  root  or  underportion  is  called  the  rootstock  or  stock,  and  the 
portion  of  a  plant  which  is  placed  upon  the  stock  is  called  the  scion. 
The  resulting  plant  is  thus  composed  of  a  seedling  root  and  a  known- 
varietal  top  and  may  be  termed  a  stipn  (combination  of  stock  and^scion) . 
In  combining  a  stock  and  a  scion,  various  techniques  are  employed ,  all 
of  which  arc  a  form  of  grafting.    A  common  form  is  called  budding  in 
whjCh  a  single  bud  is  grafted  onto  the  stock  during  the  active  growing 
'season,  as  contrasted  with  grafting  with  dormant  scions  m  midwinter  or 
early  spring.    Strains  of  plants  which  are  propagated  by  vegetative  means 
are  called  clones. 

Humiditv,  light,  temperature,  soil,  rooting  medium  and  the  nature 
of  the  material  itself "play  important  parts  in  the  method  of  propagation 
selected  and  the  results  secured.    Continuous  artificial  mist  has  aided 
in  the  rooting  of  softwood   cuttings;  synthetic  growth  substances,  such 
as  indolebutvric  acid,  have  increased  the  speed  and  degree  of  rooting; 
and  svnthetic  plastic  films,  such  as  polyethylene,  having  proved  of  great 
value  in  air  layerage  and  in  propagation  of  cuttings. 

4.  Pest  Control.    Pests  of  horticultural  plants  are  controlled  by 
both  natural  and  artificial  means.    The  development  of  varieties  which 
are  resistant  to  certain  pests  has  become  one  of  the  important  functions 
of  plant  breeding.    For  example,  resistance  to  mosaic  virus  has  been 
bred  into  red  raspberries,  wilt  resistance  into  tomatoes,  powdery  mildew 
resistance  into  cante loupe  and  nematode  resistance  into  peach  understocks. 
Artificial  controls  include  crop  rotation,  purification  and  grading  of 
seeds,  soil  cultivation,  sanitation^  soil  fumigation,  placing  of  mecha- 
nical guards  as  protection  against  rodents  and  spraying,  dusting  and 
dipping  with  various  fumigants,  fungicides  and  insecticides. 

Common  insecticides  include  arsenate  of  lead,  used  as  a  stomach 
poison  against  chewing  insects;  nicotine,  pyrethrum,  rotenone,  dimtro 
compound!  and  oils,  used  as  contact  insecticides;  and  hydrocyanic  acid, 
carbon  disulfide,  paradichlorobenzene,  ethylene  dichlonde,  "sed  as 
fumigants.    Common  fungicides  include  various  sulfur  compounds,  bordeaux 
mixture  and  copper  and  mercury  compounds; 

5.  Harvesting  and  Storing.    The  time  of  harvest  is  dependent  upon 
the  nature  of  the  crop  itseit*  the  use  which  is  to  be  made  of  it  and  the 
facilities  for  storage.    Beans  are  harvested  in  the  green,  immature  stage 
when  used  as  snap  beans,  but  are  left  until  full  maturity  when  used  as 
hard-shell  beans.    Among  the  indexes  of  maturity  are  changes  in  color, 
changes  in  the  pressure  required  to  puncture  the  flesh  as  measured  by  a 
mechanical  pressure  tester,  and  the  predetermined  time  interval  between 
full  bloom  and  the  usual  harvest  season. 

Both  common  storage  and  artificial  cold  storage  *f  ^^J^' 
cultural  products.    Common  storage  depends  upon  natural  outdoor  tempera- 
tures and  is  provided  by  basement  storage  rooms  m  residences,  oy  boxes 
or  Barrels  sunk  into  the  .ground  and  by  specially  designed  pits,  caves  and 
ventilated  bSldJngs.    Cold  storage  is  provided  by  refrigeration  m 
specially  constructed-  and  insulated  buildings. 
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The  management  of  our  garden  soils  follows  the  same  principles  as 
the  management  of  field  soils,  but  weuse  different  practices.    In  bur 
gardens  we  aim  for  variety,  and  we  have  a  wide  range  of  plants— grasses ^ 
annuals |  perennials,  shrubs,  vines,  and  trees • 

We  try  to  have  flowers  and  fruits  through  'tine  seasons  and  orna- 
mentals for  sun  and  shade.    Yet  the  total  number  of  plants  is  small, 
and  we  can  treat  them  individually.    Even  with  simple  hand  tools  -% 
have  a  chance  to  apply  the  principles  of  soil  management  over  a  wide 
range  of  combinations  more  precisely  than  the  farmer  can  do  for  a  few 
crops  in  big  fields. 

We  have  little  choice  in  selecting  our  garden  soils t.    Rarely  can 
we  choose  level,  stone-free,  sunny,  M rich  loan"  soils,  which  are 
recommended  so  blithely  in  the  garden  books  and  on  the  backs  of  seed 
backets.    Once  the  location  of  the  house  is  fixed,  we  must  take  the 
soils  we  find  and  make  the  best  of  them.    Oftsner  than  not,  the  soils 
around  the  house  are  riot  well  suited,  as  they  are,  to  the  plants  we 
vant  to  crow,  especially  if  builders  have  destroyed  the  natural 
surface  ~oil  and  left  thin  tcpsoil  over  fills  of  trash  and  raw  earth. 

Thus  many  hew  home  gardeners  ma'   br?gxn  with  soils  that  are  too 
hilly,  too  sandy,  too  clayey,  too  dry,  too  wet,  or  too  infertile  for 
good  gardens.    But  -/ood  garden  scils  can  be  nade  frba  them. 

By  "garden,  "  I  refer  to  ail  the  cared-f or  soils  and  plants  around 
the  home— the  kitchen  garden,  flowerbeds,  lawns,  and  plantings  of  trees 
and  shrubs.    Included  is  a  variety  of  plants  that  have  unlike  soil  re- 
quirements.   Some  need  shade.    Others  want  full  sun.    Some  prefer  a 
slightly  acid  or  neutral  soil.    Others  do  best  in  strongly  acidones. 
Some  should  have  high  soil  fertility,  others  do  well  in  poor  soilc 

The  central  problem  of  soil  management  in  gardens  is  to  develop 
and  maintain  a  proper  relationship  between  each  plant  and  the 
immediate  soil  in  which  it  grows. 

Aside  from  pure  luck,  the  gardener's  success  depends  upon  knowing 
two  sets  of  factors :    The  requirements  of  the  oifferent  plants  he  can 
grow  and  the  characteristics  of  the  soils  in  his  garden ; 

_,ine  plant  can  be  found  for  almost  any  kind  of  soil  as  it  is. 
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And  almost  any  kind  of  soil  can  Si  modified  by  management  to  grow 
any  optically  adapted  plant  If  one  is  willing  to  go  to  the  trouble-. 
Most  successful  gardeners  try  to  find  satisfying  combinations  of 
plants  that  require  a  minimum  of  soil  change  for^goc^  growth.  Yet 
others  go  to  a  lot  of  trouble  to  change  their. soils  to  make  them  suit- 
able for  particular  plants  they  want  to  have  in  their  gardens.  Some 
may  even  make  drastic  changes  in  a  soil  already  about  ideal  for 
azaleas  to  have  one  suitable  for  roses,  or  the  other  way  around. 

One -could  hardly  overemphasize  the  critical  relationship  between 
a  nlant  and  the  soil  in  which  it  gro-s.    Admiration  of  a  plant  in  the 
catalog,  at  the  flower  show,  or  in  a  friend's  garden  is  not  enough  of 
a  basis  for  deciding  to  put  it  in  our  own  garden,  unless  we  know 
that  its  requirements  can  be  satisfied  by  our  garden  soil  as  it  is  or 
as  we  can  change  it. 

Gardening  is  an  art,  and  many  home  gardens  are  outdoor  living 
rooms.    No  one  can  say  what  is  practical  for  hone  gardens  in  ge^rg. 
Some  are  satisfied  with  almost  any  kind  of  green  and  growing  things  an 
lone  as  the  soil  is  nearly  covered  and  the  plants  look  healthy~a 
sensible  goal  for  persons  with  only  a  mild  interest  in  gardening. 

A  large  money  budget  is  not  necessary  for  a  good  garden,  even 
or  poor  soil.    Far  more  important  is  the  work  budget— the  care  and 
attention  the  garden  will  be  given  throughout  the  season,  not  simply 
during  a  short  spring  bustle  that  is  followed  by  neglect  in  summer 
and  autumn. 

The  place  for  the  garden  is  normally  near  the  house.    Even  the 
kitchen  garden  is  best  there  unless  the  soil  in  some  distant  place  is 
a  great  deal  better  for  vegetables  and  fruits.    Near  the  house  there 
is  time  to  do  the  little  things,  before  a  pest,  a  drought,  or  a 
nutrient  deficiency  becomes  serious.    The  watchful  eye  of  the 
gardener  is  the  best  fertilizer  for  his  garden. 

To  begin  a  garden,  we  need  to  know  several  things  about  our  own 

place: 

The  basic  soil  conditions j  the  air  drainage  and  frostinessj  the 
water  supply  we  can  count  on,  both  natural  and  artificial;  the  light 
that  falls  on  the  plants  during  the  seasons;  and  the  protection 
required  against  hazards  of  wind,  tree  roots,  and  animals. 
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To  learn  about  the  soils  we  must  dlg~nbt  simply  into  .the  surface* 
but  down  to  about  3  feet  or  even  more,  if_deep  hard pans  or \ other_ bar- 
riers to  roots  and  water  are  suspected.    The  lower  .layers  of  soil 
control  the  supplies  of  nutrients,  air,  and  water. for  deep  roots.  Ttie 
movement  of  water  out  of  the  surface  soil  itself  depends  upon 
perTOahle  layers  beneath. 

Most  soils  consist  of  aserles  of_ definite  layers,  or  horizons* 
one    above  the  other*  with  different  colors  and  other  properties • 
The  horizons  have  been  produced  by  the  longtime  effects  of  the  climate 
and  vegetation  acting  on  the  mineral  matter*    The  horizons  collectively 
are  called  the  soil  profiler    Very  young  soils  may  not  have  horizons . 
Examples  include  those  in  the  flood  plains  along  streams,  recent  sand 
dun^s,  or  hew  soil  made  by  earthf ills If  the  gardener  digs  into  an 
ordinary  upland  soil  arid  finds  no  regular  horizons,  he  can  be  reasona- 
bly certain  that  the  soil  has  been  moved  about  and  mixed  up  not  long 
before. 

The  main  things  to  lock  for  are  depth*  texture,  structure*  color* 
drainage,  the  slope  and  exposure,  acidity,  nutrients,  and  contamination* 

Depth.    Three  kinds  of  soil  depth  are  in^brtanti    The  dark- 
colored  surface  soil  is  normally _the  most  mellow  -and  most  fertile ♦  This 
is  deepest  in  the  black  soils developed  under  gr^ss,  like  those  in 
Iowa  and  the  Bakotasi    It  is  normally  very  thin  in  the  desert  and  only 
moderately  thick  mider  the  forest  of  humid  regions •  __  On  steep  slopes 
it  is  conmonly  very  thim    Btrilders  of ten^ destroy  this  dark-colored 
surface  soil  completely  or  may  cover  it  with  raw^  earthy  material  from 
excavations . 

Then  we  need  to  know  the  depth  of  the  whole  soil,  both  surface 
soil  and  subsoil  (or  A  and  B-horizons)^  over  the  raw  substratum  of 
weathered  rock  or  other  earthy  material  that  has  not  been. changed  to 
true  soili 

Fi^^iy!  we^  and  other  loose, 

earthy  material  is  over  solid  rock. The  material  under  many  soils  is 
loose  and  porous  to  great  depths •    Other  soils  are  thin  over  hard 
rocks  with  only a  small  space  for  roots        water  storage.    Such  soils 
generally  can  support  only  drought-resistant  plants  that  normally  have 
shallow  roots. 

Texture.    The  relative  proportion  of  sand,  silt,  and  clay,,  or 
soil  texture,  of  each  horizon  is  important  because  it  affects  m&ny  other 
properties  and  because  many  recommendatiohp  are  keyed  tb_it.  The 
texture  in  most  soils  changes  from  horiaon  to  horizon.  Coiwionly 
the  subsoil,  or  B  horizon,  contains  more  clay  than  the  surface  soil 
above  it  or  the  substratum  beneath  it. 


p,agg-3  of  soil  texture  start  with  sand,  vhich  has  only  a  little 
silt  aS  "ay     Then  vith  increasing  amounts  of  clay*  the  principal 
cSyf  a^e  low  sa^d,  sandy  16**,  learn,  silt  loam,  clay  !<**,  and 


With  a  little  practice,  you  cart  easily  distinguish  them  by 
soueeztoTa  moist  sample  of  the  soil  between  your  fingers.    The  sands 
Ire  hirst  anTgritty?  and  the  particles  jc^ely  ho|d  |^^t  ail. 

SLn^  «»rida  are  critty,  too,  but  the  particles  cling  together  when  

^-  ^t  thf  other  extreme,  clay  can  be  squeezed  into  a  smooth  smear. 
?hfskt  loam  makes  . a  rough  and  broken  smear.    Clay  loams  are  inter- 
mediate!    Sams  give  only  a  very  rough  smear;  sandy  loams  give 
scarcely  any. 

Garden  soils  of  intermediate  texture-the  sandy  loams,  loams, 
and  sm^oams!-are  easiest  to  handle.    Sands  and  loamy  sands  are 
Smeable,^ut  they  hold  rather  small  quantities  of  water  and  are 
Mid  to  be  droughty  soils.    Clays  tend  to  become  hard  and  massive 
unless  they  are  handled  carefully. 

Structure.    The  individual  soil  particles  in  the  ideal  garden 
„        — _  roHt^d  into  stable  granules  or  crumbs.    Next  best  are 
o!oc*£  £33?  i^gat**,  t&~.  which  roots  ahd  «t»  «.  mov.s 
Worst  of  all  are  the  structureless  soils* 

At  the  one  extreme  are  sands,  in  which  each  grainy  is  by|tself. 
Such  soils  hold  little  water  between  rains  and  are  easily  blown 
about  by  the  wind. 

At  the  other  extreme  are  massive  soils  with  no  regular  structural 
forms.    Commonly  clayey  soils  deficient  to  organic  matter  become 
maSlve  if  plowed,  stirred,  or  walked  on  when  they  ^wet.  Eut^ 
missive  hardpans  can  form  from  loams  and  even  from  sands  with  ■«« 
oenientin^Srial  to  hold  the  particles  together.    Wherever  they 
Il^ur  within  the  depth  of  normal  rooting  for  garden  plants,  such 
massive  soil  must  be  reworked  to  make  it  granular  or  blocky.    It  is 
^fonnuph  simply  to  break  up  massive  clods  of  clay.  Organic 
matter  mSt  padded,  3  the'fragments  flow  back  together  into  masses 
when  they  are  wet  again. 

Color     Soil  color  by  itself  is  not  important,  but  it  ^ggests 
^rsrZ^nf  thll  are      Color,  along  with  other  evidence,  can  tell 

^^^f^^i^^ji^ of  organlc  satter 

in  the  soS*  and  the  general  level  of  productivity. 
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frownish^black  and  dark-brown  colors  generally  suggest  a  good 
supply  of  organic  matter.    In  wooded  areas  where  the  normal  upland 
soils  are  brown,  black  colors  in  the  surface  of  soils  in  low  ground 
suggest  muck  and  poor  drainage.    Well  strained  soils  developed  under 
tall  grasses,  like. many  in  the  Kiddle  West,  have  black  or  nearly 
black  surface  soils.    Sit  a  few  black  soils  are  poor  in  organic  matter 
and  easily  lose  their  structure  ard  become  massive. 

Solid  red  or  yellow  colors  generally  (but  not  always)  suggest 
fairly  good  to  free  drainage.    Yellow  suggests  leaching  and  a  low 
supply  of  plant  nutrients.    So  do  the  grays  or  whites  in  upland 
areas  of  good  drainage.    But  in  low  ground*  especially  if  the  surface 
soil  is  nearly  black,  gray  horizons  (called  gley)  indicate  poor 
drainage — too  poor  for  ordinary  garden  plants.    White  colors  in  dry 
regions  suggest  too  salty  or  too  limy  for  most  plants • 

Some  horizons  beneath  the  surface  are  mottled,  imperfectly 
weathered  rock  just  above  the  solid  rode  may  look  like  this.  But 
the  commonest  cause^ of  mottling  in  soils  is  imperfect  drainage^ 

now  or  in  the  recent  past:  The  soil  is  saturated  with  watery  or 

waterlogged^  part  of  the  time  and  pervious  to  air^  or  aerated ^  part 
of  the  tiraei 

Drainage*    Imperfectly  drained  soils  that  are  well  drained  during 
the  summer  and  wet  only in  winter  and  early  spring  can  support  annual^ 
garden  plants^  but  the  roots  of  peremials  cannot _live  oyer  the  winter 
in  them.    Even  annuals  do  poorly  if  periods  of  waterlogging  occur 
during  their  growing  seasons.    Often  there  is  little  evidence  in  toe 
surface  soil  alone  of  poor  drainage  beneath.    ThuB  it  is  important  that 
you  identify  such  conditions  in  advance  so  you  can  take  appropriate 
steps  for  drainage  or  for  plant  selection. 


the  depth  that  roots  normally  grow— say  to  2  or  3  feetj  depending  on 
the  plants-- and  fill  them  with  water.    For  ail  garden  plants  that 
r  eqi4re-welli<3rained-^  minutes 
or  an  hour.    If  it does  not  disappear  within  2h  hours,  only  shallow- 
rooted  plants  could -be  expected  to  survive. 

Slope  and  exposure.    The  slope  of  the  surface  soil  has  a  lot  to 
do  with  drainage,  runoff,  and  erosion.    Highly  permeable  soils  that 
admit  water  rapidly  can  be  used  for  cultivated  plants  on  fairly 
steep  slopes •    On  soils  of  slow  to  moderate  permeability^  small 
terraces  are  needed  to  slow  down  the  runoff  water^  partly  to  give  it 
more  time  to  soak  into  the  soil  and  partly  to  prevent  washings 
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You  need  to  look  at  the  whole  slope,  since  it  may  . begin  above  your 
garden  arid  carry  water  from  higher  ground  over  your  garden.    If  so,  you 
should  plan  a  diversion  terrace  on  the  upper. side  of  the  garden  to 
intercept  the  excess  runoff  water  and  to  guide  it  harmlessly  to  a 
prepared  outlet. 

Water  tends  to  accumulate  on  nearly  flat  soils  that  are  only 
slowly  permeable  unless  ditches  or  special  drains  are  made. 

The  direction  of  the  slope  is  often  critical*    South-facing  slopes 
in  warm  areas  may  be  too  hot  for  plants  that  do  well  on  north-facing 
slopes i    Many  gardeners  in  warm  areas  find  it  easier  to  maintain  good 
bluegrass  lawns  on  north-facing  slopes  than  on  south-facing  ones. 
The  south-facing  slopes  in  cool  sections  may  be  much  better  than  north- 
facing  ones  for  vegetables  and  flowers  that  require  a  warm  surface  soil. 

A HHit.y  And  nutrients  cannot  be  seen,  of  coursed    They  can  be 
guessed  ai  from  the  vigor  of  growing  plants.    The  soil  in  which  blue- 
berries and  th£  like  grow  wild  is  strongly  acid.    If  roses  and  blue- 
grass  are  doing  well,  it  probably  is  not. 

Acidity  and  nutrients  can  be  measured  accurately  only  on  samples 
in  the  laboratory.    I  suggest  that  field  tests  be  made  for  acidity 
only,  but  if  you  have  some  flair  for  chemistry  you  can  try  the  tests 
for  nutrients. 


_  i 


Most  upland  soils  in  humid  forested  regions  are  likely  to  be 
too  acid  for  vegetables,  a  bit  too  acid  for  most  flowers,  and  too 
low  in  plant  nutrients  for  best  growth.    A  generous  application 
Of  fertilizers  rich  in  phosphorus  and  potassium  usually  should  be 
given  at  the  start,    flat  many  shrubs  and  flowers  and  a  few  fruits  demand 
an  acid  soil;    Most  of  the  flowers  need  medium  rather  toan  high  fertility, 
aid  some  of  the  herbs  want  even  low  fertility* 

Until  you  get  a  representative  sample  J)f_eac*T  Sd_h^_of  _  ^ttr„;^it-. 
tested  for  acidity  and  plant  nutrients,  you  are  working  a  great  deal 
in  the  dark.    Samples  should  be  taken  carefully  to  represent  an  even 
slice  or  core  of  the  surface  soil  that  is  normally  spaded,  down  to 
^  to  8  inches,  say,  and  of  the  soil  beneath  to  about  20  inches.  If 
the  layers  above  20  inches  are  strongly  contrasting*  it  is  better  $o 
have  a  separate  sample  Of  each.    Samples  of  unlike  soils,  or  of  unlike 
horizons  from  the  same  soil,  should  not  be  mixed.    Generally  it  is  best 
to  write  to  a  laboratory  before  you  collect  the  samples  to  meet  any 
special  requirements  of  the  laboratory^ 
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tontamiriatiori.    In  areas  of  disturbed  soil,  you  need  to  be  on  the 
lookout  for  buried  trash *    Frapiehts  of  tar  papefc,  concrete,  and  other 
rubbish  should  be  removed*    Ahy/buried  pieces  of  plaster  or  concrete 
are  bad  f or  acid-lbvlng  plants  like  azaleas  and  may  cause  chlorosis  ~, 
or  yellowing^  of  the  leave s. 

ebranbnly  the  worst  places  for  buri^_materials  are  near  toe  houses 
where  shrubs  and  flowerbeds  are  needed.    The  excavations  for  basements 
usually  are  made  somewhat  larger  than  necessary  so  that  after  the  wails 
are  finished  a  V-shaped  space  is  left  just  outside  the  wall*  Care- 
less builders  allow  rubbish. to  accumulate  In  this  space  and  at  the  

end  simply  cover  it  with  a  layer  of  t  ops  oil  •    It  should  have  been  filled 
with  soil  and  packed  to  protect  the  basement  wall  from  accumulations 
of  waters    For  plantings  hear  the  house  it  of ten  is  necessary  therefore 
to  remove  a  large  amount  of  miscellaneous  rubbish* 

Other  bad  spots  that  your  examination  may  uncover  include  old 
buried  roadways  or  sidewalks  and  spots  of  bil-s baked  soil.  They 
must  be  dug  up  and  remcyed#  _   

The  air  drainage  of  the  garden  affects  its  frbstihess.    If  the 
garden  is  re;latively  high  oh  a  slope ^  the  cold  air  moves  or  drains 
away  from  it  into  the  low  ground^  so  that  plants  escape,  the  late- 
spring  and  early-autumn  frosts  that  kill  plants  in'  the  low  ground* 
The  gardener  in  low  ground  thus  cannot  count  on  so  long  a  growing  sea- 
son as  his  neighbors  on  high  ground  with  good  air  drainage.  Plants 
growing  on  muck  soils  on  low  ground  are  even  more  subject  to  frost 
damage  than  plants  growing  on  mineral  soils  on  low  ground*    When  you 
estimate  the  frost-free  days  from  the  reports  of  the  nearby  weather 
station,  you  should  take  these  local  ground  conditions  into,  account* 

Water  should  be  available  for  all  of  the  garden  except  the  parts, 
that  have  only  naturalized  wiidjpiants  entirely  adapted  tb_ the  natural 
soil.    A  dependable  source  of  irrigation  water  is  essential  in  dry 
regions |  short  periods  of  drought  cause  damage  that  nullifies  much  of 
the  benefit  from  other  good  practices • 

You  can  conserve  soil  rater  so  that  you  need  only  a  little. if  you 
prepare  the  soil  properly,  build  terraces  where  they  are  helpful,  and 
use  mulches  to  protect tfte-surf ace.     But  this  little  is  often  critical 
far  carrying  through  fine  plants  in  the  kitchen  garden  and  among  the 
ornamentals # 
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Evergreens  need  watering  during  severe  winter  droughts  as  well 
as  summer  droughts; 

In  cities  where  the  use  of  water  for  gardens  may _be  regulated 
during  dry  spells,  the  resourceful,  home  gardener  may  find  a  way  to  store 
sortie  of  the  rainwater  in  a  pond  or  cistern. 


The  light  requirements  of  plants  vary  greatly.    You  need  to  s 
the  place  to  determine  the  hours  of  sunshine  for  the  various  parts  of 
it,  remembering  that  under  deciduous  trees  there  is  little  shade  in 
winter  and  early  spring  and  heavy  shade  in  summer. 

Nearly  aii  vegetables  and  fruits  do  best  in  full  sun,  although 
the  salad  crops  need  shade  in  warm  sections.    Tomatoes,  one  of  the  most 
important  vegetables  in  a  small  garden,  grow  fairly  well  in  half  the 
normal  sunshine.    The  moving  shade  of  a  type  is  less  harmful  to  sun- 
loving  plants  than  the  dead  shade  of  a  building * 

Other  plants  prefer  shade.    A  few  f ini  ornamentals  flourish  in 
the  continuous  shade  of  the  north  side  of _a\  building.    Several  of  the 
ornamentals  do  well  with  winter  and  spring  Sun  and  summer  shade,  as 
under  ah  oak  tree.  /  I 

Some  lawn  grasses  prefer  full  sunjand  others  partial  shade.  Ivy 
or  other  ground°cover  is  more  satisfactory  t^an  grass  in  heavy  shade. 


Vany  ornamental  plants  that  seem/  to  wither  in  full  sun  are  really 
injured  by  high  soil  temperatures .    If  good  mulches  keep  their  roots  i 
cool,  they  do  all  rirht  in  full  sun./  Ordinarily /clematis  is  one  of  these. 
Azaleas  prefer  partial  shade,  but  tttey  may  do  weJJL  in  the  sun  if  kept 
well  mulched  with  something  like  sawdust. 

Some  of  the  trouble  with  plants  growing  near  trees  and  big 
shrubs  that  is  commonly  put  down  jto  shade  is  due  to  root  competition. 

Plants  need  protection  frod  competing  roots ^  wihd^  and  animals . 

 /   i     ___  ■         _  -  _ 

Roots  from  a  competing  tree  may  be  pruned  by  digging  a  trench 
along  one  side-- or  even  more  If  the  tree  is  growing  normally.    A  steel 
barrier  may_be  placed  in  the /trench  to  whatever  depth  the  roots  penetrate, 
say  2  to  U  feet,  as  a  pennanent  protection  for  flowerbeds*  vegetables, 
and  shrubs.  / 

Plants  vary  in  their  /reaction  to'  the  roots  of  other  plants.  Azaleas, 
for  example,  grow  well  a^bng  oak  trees j  but  roses  do  not.    Yet  azaleas 
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grow  poorly  in  competition  with  elm  or  maple  roots;    In  fact^  lawns 
flowerbeds,  Sid  fine  shrubs  do  badly  near  elms,  maples ~9  cottonwoods^ 
poplars,  and  willows  -$  which  are  hot  for  small  gardens; 

In  very  large  gardens  near  a  woods,  some  gardeners  dig  deep,  open 
trenches  as  a  protection  against  roots,  but  they  are  unsightly* and 

dangerous;  —  „ 

:j 

Many  failures  due  to  competing  roots  are  incorrectly  laid  to  

the  soil  or  its  shade.    Even  small  plants  can  rob  the  others,  Forsythia 
roots,  for  example,  are  very  bad  robbers,  arid  so  are  thbse  of  American 
bittersweet;    Some  iris  are  bad.    Unless  the  roots  of  strong  growers 
are  keut  pruned,  they  take  over  in  a  mixed  garden.    Flowerbeds  may 
be  protected  from  grass  roots  with  U- inch  steel  barriers  and  from 
most  shrub  roots  with  12-inch  barriers. 

#  u   ■ ...  _  ' 

Wind  is  a  serious  hazard  in  many  parts  of  the  country— hot  winds 
in  summer,  cold  winds  in.. winter,  or  both.    Usually  windbreaks  of 
ornamental  trees,  especially  evergreens,  can  be  planted  if  the  soil 
is  suitable  and  if  water  is  available.    Winds  may  be  very  destructive 
in  a  few  places  around  the  garden  c"uring  the  winter.    Those  spots  can 
be  identified  by  their  barrenness  of  snow  when  the  rest  of  the  garden 
-is  covered  with  it.    Mature  shrubs  often  thrive  in  such  places  if 
moved  into  them,  but  little  shrubs  of  the  same  kind  perish; 

An  Wis  are  not  useful  in  the  garden.    Kitchen  gardens  can  be 
destroyed  by  rabbits.    Dogs  are  probably  the  most  commonly  destructive 
in  most  home  gardens.    It  is  not  worth  while  trying  to  grow  fxne 
flowering  shrubs  in  some  communities  without  fences . 

Tillage  is  commonly  the  first  step  in  preparing  the  garden  soil. 
Organic  matter,  fertilizers,  and  other  soil  amendments  are  commonly 
mixed  intp  the  soil  at  the  same  time. 

Large  gardens  can  be  flowed  with  machines,  but  small  plots  and 
small  areas  for  flowerbeds*  and  individual  shrubs  or  trees  should  be. 
scaded.    Deep,  fertile,  granular  soil,  receptive  to  roots  and  water, 
mky  not  have  to.  be  plowed  or  ^spaded  very  much,  but  usually  some 
tillage  is  necessary. 

The  objectives  of  tillage  are  to  produce  and  to  maintain  as  deep 
a  rooting  zone  of  fertile  granular  soil  as  possible,  control  weeds,  and 
keep  the  scil  receptive  tc  water * 
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The  development  and  maintenance  of  good  structure  is  the  ■sin  rea- 
son for 
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plowing  and  spading.  Considering  the  soil  most  gardeners  have,  this 
neans  working  a  great  deal  of  organic  Batter  into  the  soil— not  Just 
once,  but  often. 

Much  has  been  said  about  the  use  of  synthetic  soil  conditioners— 
polacrolytes.    They  do  not  bring  about  good  structure  when  they  are 
Simply  added  to  massive  soil,  but  they  help  greatly  to  stabile  the 
eranular  structure  of  soil  after  such  a  structure  has  ali->ady  been 
obtained  by  proper  treatment,  including  tillage  at  the  right  moisture 
content. 

For  spadlw  or  stirring,  a  sample  of  the  foil  should  Just  crumble 
in  the  hand  «fter  it  has  been  formed  into  a  ball  and  squeesed.  Tillage 
of  wet  and  aticfty  soils  causes  them  to  lose  their  granular  structure 
and  become  massive,  especially  if  they  contain  much  clay  and  little 
organic  matter.    Once  a  dlayey  soil  is  badly  puddled,  it  of ten  takes 
years  of  careful  handling  to  produce  good  structure. 

It  often  is  convenient  to  apply  fertiliser  and  lime,  besides 
organic  matter,  to  the  lower  layers  when  spading*    Host  plant  nutrients 
in  time  are  carried  down  into  the  soil  by  rain  and  irrigation  water  if 
applied  to  the  surface,  but  the  movement  is  slow  in  clayey  soils.  _ 
Phosphorus  especially  moves  down  very  slowly,  although  deeply  rooted 
plant^  move  it  from  their  surf ace  roots  into  their  deep  roots,  where 
it  becomes  available  to  new  plants  after  the  old  roots  decompose. 
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Deep  spading  of  the  surface  soil  is  rarely  good  practice  in  the 
garden  except  in  the  few  soils  that  have  little  or  fib  contrast  between 
the  horizons,    the  surface  soil  should  be  spaded  to  a  depth  of  about 
5  iiiches  in  dry  sites  and  7  or  8  inches  in  normally  moist  ones, _ 
without  mixing  in  more  than  a  very  little  of  any  lighter  colored 
subsoil  at  any  time. 

Subsoil  spading  usually  is  necessary  in  most  garden  soils  for  good, 
deep  rooting.    That  is,  very  many  garden  soils  should  be  spaded  tb_ a 
considerable  depth,  but  each  major  layer  should  be  spaded  separately 
and  hot  mixed  w  ith  the  others.    That  is  called  double  or  triple  spading 
if  two  or  three  layers  are  spaded  separately. 

Let  us  take  as  a  common  example  a  soil  that  has  a  dark-colored 
surface  horizon  of  intermediate  texture  about  f  inches  thick  overlying 
a  clayey  subsoil  that  goes  to  20  inches  with  a  fairly  pervious  sub- 
stratum below  that, 

rouble  spading  is  called  for.    You  start  spring  at  one  end  of 
the  garden  or  flowerbed  by  removing  entirely  a  2-  or  3-foot  strip 
of  surface  soil  to  7  Inches  and  piling  it  to  one  side.    Then  you 
spade  the  subsoil  for  13  inches—making  a  total  depth  from  the  surface 
of  20  inches —and  mix  in  the  necessary  sawdust,  compost,  or  manure  (as 
organic  matter  to  improve  structure),  any  needed  lijne  (to  correct 
acidity),  and  the  basic  fertilizers.    When  you  have  spaded  and  prepared 
the  subsoil  in  this  first  strip,  you  spade  the  surface  soil  from  the  - 
next  similar  strip  over  it  and  at  the  same  time  mix  the  necessary  organic 
matter  and  fertilizers  into  it.    Then  the  newly  uncovered  subsoil  is 
spaded  ca  before—and  so  on  across  the  entire  bed  oi^plot.    The  surface 
soil  you  remove  from  the  first  strip  you  carry  overdo  cover  the 
spaded  subsoil  in  the  last  strip. 

If  the  substratum  below  the  subsoil  is  also  massive  and  heeds 
improvement  for  proper  rooting  and  for  proper  movement  of  water,  you 
cany  out  surface  soil  from  the  first  two  strips  at  the  end  of  the  plot 
and  the  subsoil  from  the  first  strip  to  one  side* 

Then  the  substratum  is  spaded  and  treated*    The  subsoil  from  the 
second  strip  is  treated  with  organic  matter  and  ot^er  materials,  and 
you  spade  it  ever  the  freshly  spaded  substratum  of  the  first  strip. 
The  surface  soil  from  the  third  strip  you  place  over  the  freshly 
spaded  subsoil  of  the  first  strip.    This  triple  spading  is  carried 
across  the  whole  plot.    The  subsoil  from  she  first  strip  is  used  in^ 
the  last  one  and  the  surface  soil  from  the  first  two  strips  cover*  the 
last  two* 


If  the  soil  is  massive,  mere  spading  does  little  good: .  When  it  is 
wet  again,  the  soil  particles  settle  back  together--deeper  layers  are 
heavily  pressed  by  the  weight  of  the  ones  above  them. 

Besides  spading,  you  need  to  add  abundant  organic  matter  and  the 
basic  fertilizers  for  good  structure  and  adequate  nutrition  of  deep  roots, 

The  organic  matter  has  a  direct  effect  in  bringing  about  lines  of 
weakness  and  preventing  the  settling  of  the  soil  particles  into  solid 
masses.    But  more  important,  in  well-drained  soils  the  organisms  decom- 
pose the  organic  matter  and  produce  compounds  that  lead  to  natural 
soil  granulations 

These  organisms  need  nutrients,  especially  nitrogen  and  phosphorus, 
which  are  deficient  in  sawdust,  peat,  and  nost  organic  materials 
(except  high-cuality  compost  and  manure )  that  a  gardener  can  add.  me 
relation  of  nitrogen  to  organic  matter  I  explain  later. 

Once  the  lower  horizons  are  loosened  thoroughly  and  supplied 
with  organic  matter  and  plant  nutrients  and  if  they  are  kept 
free  of  excess  water  by  natural  and  artificial  drainage,  the  roots 
of  many  kinds  of  plants  extend  down  into  tnem.    The  roots  supply 
further  organic  matter  to  the  lower  layers . 

If  organic  matter  is  not  available,  triple  spading  with  good 
fertilization  can  be  successful  if  the  soil  is  planted  immediately 
to  a  deep-rooted  legume  like  sweetclover  or  kudzu.    After  a  year 
or  two  of  vigorous  growth,  these  plants  produce  a  large  amount  of 
organic  matter  above  and  below  the  surface.    Tho  aboveground  part  can 
bo  cut  and  spaded  into  the  surface  soil  or  rixed  with  other  materials 
for  the  compost.    Such  treatments  may  delay  the  garden  for  a  year  or 
so,  but  they  are  often  worthwhile. 

The  soil  for  small  beds  and  little  places  for  individual  shrubs 
and  trees  can  be  improved  in  the  same  way.    Each  soil  layer  is  removed 
and  piled  to  one  side  separately.    It  is  replaced  after  organic  matter 
and  fertilizers  are  added  to  it.    If  the  soil  has  hardpans  or  very  heavy 
claypans,  it  is  best  to  discard  those  layers  and  replace  them  with  good 
garden  soil,  with  surface  soil  from  a  fertile  field,  or  (for  acid- 
loving  plants )  with  soil  from  a  woods. 


150 
144 


Cultivation  after  the  soil  is_ spaded  and ^ during  the  growing 
season  follows  the  same  general  rule  about  soil  rnbistufe.    If  the 
clayey  soils  are  sirred  or  tramped  when  wet*  they  lose  their  granula- 
tion.   If  the  garden  must  be  walked  oh;  broad  boards  should  be  laid 
down,    let  garden  soils  should  be  kept  free  of  weeds  and  porous  to 
water.    Since  so  many  of  our  rains  in  the  United  States  come  as  sharp 
shovers,  a  hard  crust  on  the  surface  allows  much  of  the  water  to  run 
off  and  be  lost  before  the  soil  becomes  permeable.    Then*  too*  after 
plants  have  fair  size*  surface  tillage  needs  to  be  shallow  and  gentle  . 
so  as  hot  to  harm  surface  roots.    A  good  mulch  can  go  a  long  way  in  sub- 
stituting for  tillage— it  helps  prevent  crusting,  promotes  the  entry 
of  water,  and  suppresses  weeds. 

Organic  matter  is  a  vital  material  of  which  most  gardeners  rarely 
have  enough . 

Organic  matter  has  several  functions  in  the  garden  soils— as  food 

for  microorganisms  and  tiny  animals  within  the  soil,  a3  a  source  

of  plant  nutrients,  and  as  a  mulch.    It  also  improves  soil  structure. 

Its  promotion  of  granular  structure  aids  root  growth  and  the  entrance 
of  water  and  air  into  the  soil,  reduces  crusting  and  losses  of  surface 
soil  fcy  blowing  or  wast  ing,  and  increases  the  ability  of  the  soil  to 
hold  both  water  and  nutrients  for  use  by  plants.    Kulches  help  to 

control  temperature^  to  reduce  evaporation  losses,  and  to  suppress  

weedsi     (Mulches  of  coarse  sand  and  small  stones  have  some  of  the  same 
effects,  too.)    Organic  matter,  especially  manure^or  compost  derived 
from  a  wide_ range  of  normally  growing  plants,  furnirhes  the  growing. 
pL:nts  a  balanced  supply  of  slowly  available  nutrients,  including  the 
trace  elements. 

The  living  roots,  micro-organisms ,  and  small  creatures,  such  as 
earthworms ,  are  a  part  of  the  total  organic  matter  in  the  soil.  Besides 
them,  tiie  garden  soil  contains  three  general  classes  of  organic  matter— 
the  fresh  remains  of  plants*  partly  decomposed  materials,  and  the  more _.. 
or  less  stable,  dark-colored  humus,  which  is  slowly  decomposed  to  water, 
carbon  dioyide>  ?nd  ash.    During  the  decomposition  of  fresh  materials, 
a  vast  number  of  intermediate  organic  compounds  appear  before  the 
formation  of  humus.    Some  of_  them  are  toxic  in  large  amounts,  but 
in  nonnaUy  wcii-draihed  soils  they  are  transitory,  and  are  themselves 
decomposed  so  soon  that  large  amounts  are  never  present.    This  decom- 
position  is  carried  out  by  the  tiny  animals  and  the  micro-organisms.  . 
The  organic  matter  furnishes  them  food  for  growth  and  the  nutrients  in 
it  ^Tt^ thereby  released  for  use  by  plants. 
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The  fresh  materials  vary  widely  in  their  rates  of  decomposition 
and  in  the  amounts  of  plant  nutrients  they  release,  especially  the 
amounts  of  nitrogen. 

Cottonseed  meal  and  meat  scraps,  for  sample,  decompose  rapidly  and 
furnish  so  much  nitrogen  that  they  are  regarded  primarily  as  fertilizers 
Next  come  freshly  cut  clover  arid  grass.    Wheat  straw  decomposes  moder- 
ately fast  but  is  low  in  protein  and  so  furnishes  little  nitrogen.  Oak 
•leaves  and  pine  needles  areeven  more  resistant.    Finally,  sawdust  and 
wood  chips  decompose  very  slowly  and  furnish  negligible  amounts  of  plant 
nutrients  to  the  soil*    Because  they  decompose  slowly  they  are  good 
mulches^  especially  in  varm^  moist  regions,.    As  we  shall  see  in  a  moment 
dry  straw,  tree  leaves*  and  sawdust  actually  reduce  the  nitrogen  avail- 
able to  plants  when  first  added  to  the  soil. 

Among  the  partly  decomposed  materials,  animal  manure  is  important. 
Nearly  pure  manure  is  also  a  kind  of  fertilizer;  bftenlt  isdried  and 
sold  in  bags.    It  decomposes  rapidly  and  gives  the  soil  a  balanced  sup- 
ply of  plant  nutrients.    Manure  that  has  much  dry  straw  and  wood  chips 
with  it  decomposes  more  slowly^ 

Leaf  mold,  the  partially  decomposed  leaves  just  above  the_ mineral 
soil  in  the  woods,  is  an  excellent  material,  especially  for  mulching 
acid -loving  plants.    It  decomposes _s lowly  and  furnishes  some  nutrients. 
Kost  peats  decompose  slowly  and  furnish  minor  supplies  of  nutrients. 

Compost  is  a  major  source  of  organic  matter  to  the  gaixieher  who 
has  trees.  It  can  be  used  as  a  slower  available  source  of  nutrients 
and  as  a  mulch  and  to  improve  the  structure  of  soils. 

The  chief _aiin  in  composting  is  to  produce  an  brg.viic  matter 
approximately  like  that  in  a  fertile  soil,  in  which  the  organic  matter 
has  about  10  parts  of  carbon  for  each  part  of  nitrogen,  or,  as  we  say, 
a  C/N  ratio  of  10. 

The  plant  materials  most  commonly  available  to  the  gardener—  

autumn  leaves  and  straw  or  other _plant_s teras~are  diy;  j:oa»ei_8ndjmtch 
higher  in  carbon,  with  a  C/N  ratio  of  30  or  higher.    If  they  are  added 
directly,  it  is  hard  to  mix  them  evenly  r^th  the  soil,  considerable 
moisture  Is  needed  to  moisten  themiri  advance  of  decomposition,  and 
tixe  excess  carbon  as  carbohydrate  furnishes  the  bacteria  a  great  deal 
of  energy  food.    With  this  food,  which  acts  like  sugar,  they  increase 
enormously  in  numbers,  taking  out  of  the  soil  phosphorus  and  nitrogen, 
which  otherwise  vould  be  available  to  plants. 
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For  a  field  or  a  very  large  garden,  it. is  most  practical  to  add 
these  materials  directly  to  the  surface  sbiljj  together  with  enough 
nitrogen  and  phosphorus  to  balance  the  carbohydrate^  and  plow  all  of 
it  into  the  soili    But  for  small  gardens  and  f lbw?r  beds  it  is  best  to 
arrange  for  partial  decomposition  in  advance  in  a  compost  pile i  The 
product  can  be  added  as  needed  in  preparing  beds  or  as  a  mulch * 

You  should  have  a_rick  or  open  bin  in  which  to  make  the  composts 
You  can  use  ordinary  wire  fence  or  hoards  attached  to  solid  posts ^  or 
open  brickwork,  to  make  such  a  rick  some  3  to  B  f est  high  arid  3  to  5 
feet  wide  and  of  any  convient  Jength.    One  end  should  be  made  with 
removable  sides  for  convenience  in  building  up  the  compost  and  for 
taking  out  the  material. 

Material  like  autumn  leaves  can  be  laid  dovn  in  layers  some  6  to 
12  inches  thick.    To  each  layer  is  added  some  nitrogen  and  phosphoras 
(and  magnesium  sulfate-~or  epsom  salt—in  the  humid  East,  or  doionitic 
limestone,  if  none  of  the  compost  is  to  be  used  for  acid-ioving  plants) 
and  a  half -inch  layer  of  soil. 

The  leaves  should  be  moistened  as  they  are  added.  The  pile  is 

built  up  in  this  way,  layer  after  layer,  and  finally  topped  with  a 
1-  to  2-inch  layer  of  garden  soiii 

As  it  is  built  up,  the  material  should  be  packed  with  the  feet 
around  the  margins  but  only  lightly  in  the  middle— so  that  the  center 
will  settle  more  than  the  margins  and  water  added  to  the  surface  will 
gradually  moisten  the  whole. 

Some _ gardeners  use  pits,  but  it  is  better  to  build  from  the 
surface  of  level  ground.    The  material  needs  to  be  moist  but  not  soggys 
Decomposition  without  air  leads  to  loss  of  nitrogen. 

If  lime  is  needed  in  compost  intended  for  the  kitchen  garden, 

wbbd_ ashes  can  be  used  instead.    If  nitrogen  and  phosphorus  are  not  

available  separately,  a  nixed  fertilizer  can  be  used.    If  considerable  

manure  or  fresh  clover  hay  is  used,  the  amounts  of  nitrogen  and  phosphorus 
can  be  reduced  proportionately • 

The  table  suggests  some  alternative  mixtures  in  making  compost  with 
leaves  or  straw  as  the  main  material. 


Kateriai  To  Add  in  Making  Compost 

plr  tightly" 

Kateriai  packed  SttsTiel 


For  Genral  Purposes,  Including  Acic-loving  Shrubs: 

Ammonium  sulfate   ••••  ^ 

Superphosphate  (20  percent)                                   •  •  • 
Epsom  salt   ' 


Combination  3;  q  i7o 

Mixed  fertilizer  10-6-U   x  x'' 


Mixed  fertilizer  5-10-5  2  ^2 

For  Kitchen  Garden  or  Flowers  Not  Requiring  Acid  Soil; 

Combination  C;  -, 
Ammonium  sulfate  •  •  •••••••   ^***"*#--** 

Superphosphate  (20  percent)  _•_•}_•••  •  •  *  • "  * "  *  *  * 
Ground  dolbnitic  limestone  or  wood  ashes   

Combination  E:  _     

Like  B,  above,  plus  ground  eolomitic  limestone  or 

wood  ashes   ••••••••••••••••  •  •  •  •  / J 

After  2  or  3  months  of  moderate  to  warm  weather,  the  pile  should 
be  turned  for  best  results,  although  that  is  not  entirely  n~«f 
In  turning  into  another  rick,  you  can  cut  down  vertical  sections  in  the 
old  one  and  put  them  horizontally  in  the  new  one,  being  careful  to 
keep  any  dry  materials  to  the  inside. 

In  regions  having  cool,  frosty  winters,  compost  made  from  autunn 
leaves  in  November  and  December  may  be  turned  the  following  Kay  or 
June. 

A  pile  that  is  made  too  large  may  overheat,  with  a  loss  of  nitrogen 

If  the  material  is  kept  reasonably  moist  and  has  a  cap  of  garden 
il  (besides  the  soil  between  the  layers),  it  should  have  no  odor.. 
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Applications  of  gbbc»_cbnpost  or  stable  manure  to  the  Garden  are 
about  U  to  1:0  bushels  to  1,000  square  feet. 

Other  organic  materials  ihay  be  used  as  nulches^ _  Straw  free  of 
weed  seeds,  is  ^rood,  especially  for  small  fruits,  although  it  is  a 
fire  hazard  and  does  hot  look-  neat  in  a  garden. 

Sawdust  and  wood  chips  are  useful  to  mix  into  clayey  soils  to 

improve  their  structure  and  as  mulches.    Since  they  contain  some  

slowly  soluble  carbohydrates,  nitrogen  must  be  added  with  them  over 
and  above  that  recommended  for  the  soil  otherwise.    About  1  or  2 
cupfuls  of  ammo:  ium  sulfate  is  used  for  each  bushel,     Perhaps  well- 
rotted  sawdust  is  somewhat  better ^  but  fresh  sawdust  is  used  success- 
fully.   'Vhen  moistened^  it  _ives  nearly  ideal  acidity  for  azaleas  and 
other  acid-ioving  plants.    For  the  kitchen  garden  and  the  rose  garden 
it  is  well  to  u^e  about  one-fourth  to  one-half  cupful  of  finely  ground 
dolcnitic  limestone  with  each  bushel. 

A  3-  to  5-inch  mulch  of  sawdust  is  recommended  around  shrubs  and 
other  tall  plants Gardeners  particular  about  the  appearance  of 
their  intimate  gardens  can  put  a  light  cover inn  of  vell-fbtted  compost 
over  the  sawdust  or  wood  chips. 

Cover  crops  are  helpful  on  garden  soils  used  for  annual  plants, 
both  flowers  and  vegetables .Winter  wheat,  rye,  ryegrass,  or  other 
winter-hardy  crops  may  be  planted  in  autumn.    They  protect  the  soil  and 
absorb  rutrients  that  would  otherwise  be  lost.    In  the  spring  you  have 
a  supply  of  succulent,  nutrient-rich  organic  matter  tb_ space  into  the 
surface.    This  is  very  fresh  organic  matter  and  makes  little  contribu- 
tion to  the  basic  supply  of  humus. 
** 

The  control  of  water  is  essential  for  the  garden  except  in  spots 
naturalized  to  wild  plants  that  can  endure  wet,  dry,  or  alternately 
wet  and  dry  conditions  • 

Most  soils  lose  a  part  of  the  water  that  falls  on  them  through 
runoff  from  the  surface^  percolation  through  the  soil,  evaporation 
from  the  surface,  and  transpiration  through  plants . 

Much  of  a  gardener's  success  depends  upon  keeping  these  losses 
to  a  minimum,  except  the  transpiration  from  his  wanted  plant,  and  on 
being  sure  that  excess  water  does  not  accuriulate  in  the  pore  spaces  of 
the  soil  at  the  expense  of  air .Actually,  it  is  not  the  excess  water 
that  injures  plants  in  poorly  drained  soils,  but  the  lack  of  air. 
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The  ideal  garden  soil  admits  nearly  ail  the  water  that  falls,  on 
it    holds  a  large  quantity  within  the  fine  capillaries  between  rains, 
allows  any  excess  to  drain  away,  is  protected  by  surface  mulches  from 
excessive  evaporation,  and  has  no  weeds .    It  should  be  added  that  a 
sandy  garden  soil  subject  to  heavy  leaching  during  the  cool,  rainy  . 
periods  should  have  a  cover  of  growing  plants  that  take  in  nutrients 
that  vould  otherwise  be  leached  away.    These  are  returned  to  the  surface 
soil  again  when  the  plants  are  spaded  under  in  the  spring  or  the 
material  can  be  taken  to  the  compost  pile. 

Terraces  are  needed  on  sloping  soils.    To  make  full  use  of  the 
water  that  falls  during  sharp  showers,  we  need  to  have  the  scil 
granular.    But  in  addition,  on  sloping  soils,  little,  winding  terraces, 
usually  at  a  slight  angle  to  the  contour,  to  slow  down  the  water  are 
necessary.    You  can  make  several  individual  level  terraces  out  of  small 
stones  the  size  of  quart  cans  or  gallon  jugs  with  low  walls  on  the 
downsiope  side  of  each  large  plant  or  small  group  of  plants*  Tnese^ 
stones  guide  the  water  into  the  soil.    With  terraces,  most  of  the  plants 
can  thus  be  planted  or  set  but  on  level  ground. 

Drainage  of  wet  soils  can  be  accomplished  in  several  ways.  The 
simplest  method  is  to  throw  up  beds  of  soil  above  the  original  ground 
level,  with  places  between  for  the  excess  water  to  collect  and  to 
flow  away. 

Irrigation  is  heeded  to  some  degree  in  most  gardens.    In  fact,  the 
more  we  do  to  improve  our  joils  and  to  protect  our  plants,  the  more 
important  it  becomes  to  provide  water  for  the  critical  periods  so  that 
we  do  not  lose  the  benefit  from  all  our  other  work. 

A  soil  in  good  tilth,  properly  fertilized  and  well  mulched,  requires 
much  less  irrigation  than  a  poorly  managed  one.    Yet  critical  periods 
are  fairly  common  when  even  the  best  garden  soil  needs  water  for  fine 
plants . 

Most  of  us  irrigate  when  wo  see  that  our  plants  have  started  to 
wilt.    That  is  too  late  for  best  results.    When  plants  wilt,  at  least 
some  damage  has  already  been  done.    For  a  few  dollars  you  can  buy  an 
instrument  (calleJ  a  tensiometer)  to  keen  in  your  garden  soil  during 
the  summer.    Such  an  instrument  indicates  the  moisture  content  and 
tells  you  when  to  irrigate  before  plants  begin  to  wilt. 
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Depending  oh  convenience j  you  Say  irrigate  in  small  ditches j  with 
a  porous  hose^  or  by  sprays •    The  ifl5>6rtaht  thing  is  to  irrigate  well 
when  it  is  done. 

access  salts  can  do  a  lot  of  harm.    They  are  commonly  associated 
with  poor  drainage  in  arid  and  semiarid  regions ^  or^vith  the  use  of  salty 

irrigation  water^  or  ??*§e?s  ^?Y^?I_^^s_'c^:ri^^9^_P?9^^?,n_^  ^h?*r 

gardens  are  referred  tc  the  special  chapter  on  the  reclamation  and  man- 
agement of  saline  and  alkaline  soils. 

Controlling  the  reaction  of  the  garden  soil  is  one  of  the  import 
tTt  adjustments  the  gardener  can  make  for  his  plants.    Many  plants 
glow  quite  well  over a wide  range  of  soil  reaction  (acid-neutral - 
alkaline),  especially  when  other  growing  conditions  are  good,  but 
most  plants  do  best  within  a  rather  narrow  range. 

The  garden  vegetables ±  most  of  the  common  annual  flowers,  most  lawn 
grasses,  and  many'  herbaceous  perennials  and  shrubs  do  best  in  slightly 
to  very  slightly  acid  soil—about  pH  6.1  to  6.9.    The  term  "pH"  is  a 
quantitative  measure  of  the  degree  of  acidity: 


Extremely  acid  ....... 

Very  strongly  acid  ... 
Strongly  acid  •••••••• 

Medium  acid 

Slightly  acid  ........ 

Neutral  ...  • . • • 

Mildly  alkaline  

Moderately  rlkailne  •• 
Strongly  alkaline  .... 
Very  strong^  alkaline 


A  more  acid  soil  than  pH  6.5  is  better  for  many  plants^  especially 
those  that  grow  naturally  under  a  forest  with  acid  leaf  litter.    A  few 
examples  are  given  in  the  tab  La  and  more  are  listed  in  my  book,  Our 
Garden  Soils. 

Any  plants  like  syi^B, an  ideal  soil  pH  range  so  far  on  the 

acid  side  usually  do  better  in  soil  that  has  no  free  lime  within  the 
rooting  zone.    Such  free  lime  occurs  naturally  in  some  soils,  especially 
in  subhumid  and  semiarid  regions.    It  may  have  been  added  accidentally 
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....  Below  i?.5. 

....  i;. 5-5.0. 

.,o.  5.1-5.5. 

....  5.6-6.0. 

....  6,1-6.5. 

....  6.6-7.3. 

....  -\b-7.6. 

....  ".9-8.L. 

....  6.5-9.0.  

....  9.1  and  higher. 


.   H„  ^.KTsish     Or  it  may  have  been  added  when  garden  soils 

intolerant  of  strong  acidity* 

Other  things  being  equal,  such  as  structure    m°^e»  ^t°rganiC 
******    the  micro-oreanisms  that  decompose  organic  matter,  that 
tr^  fom  organic  nitrogen  into  for*s  mos t  suitable  to  plant  roots,  and 
Sat  fd*  nitrogen  from  the  air -^ov  best  about  g^^f^^te, 
same  soil  pH,  6.5,  conditions  are  best  for  the  avallao 1*1*7 
without  toxic  amounts,  of  most  plant  nutrients. 


pH  RANGES 


Alfalfa 


Striwberriti 

Sweeicfover 

lotucco 
1om»to« 
Trerotl.  Btrdifoot 
VfJch  - 
Wheat  - 
Whittciover 


Suitable  pH  Ranges  for  Various  Crops  and  Ornamental  Plants 
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Among  the  trajce  elements ,  iron,  manganese,  copper*  ark  zinc 
become  less  available  as  the  pK  rises. _  Iron  chlorosis,  a  yellowing 
disease  of  plant  leaves  due  to  iron  def  iciency*  _is  a_  common  sytritbTn  of 
acid -loving  plants  growing  bh  soils  containing  free  lime. 


;   On  the  other  hand, availability,  cf  nearly  all  important  plant 
nutrients  except  iron  diminishes  with  increasing  acidity^  phosphorus 
especially/. 

Host  upland  soils  developed  under  forests  in  th&  humid  sections 
are  too  acid  for  the  best  growth  of  lawns,  vegetables,  and  many  other 
plants.    They  require  liming.    Most  soils  developed. under  grasp  and 
shrubs  in  the  subhumid  or  dry  sections  do  not  need  lime. 

Since       measures  only  the  intensity  of  soil  acidity,  and  not 
the  total  amount,  applications  of  lime  for  soils  of  the  same  pH 
increase  with  increasing  total  amounts  of  clay,  with  increasing 
activity  of  the  clay^  and  with  increasing  amounts  of  organic  matter • 

_  The  table  overleaf  gives  some  general  guidelines  for  the 
application  of  finely  ground  limestone,  all  of  whid   passes  through  a 
100-mesh  screen      Only  one-half  as  much  burned  lime  should  be  used 
If  the  organic  matter  in  the  soil  is  very  high,  the  amounts  should  be 
increased  about  one -fourth  over  those  given  in  the  tables    If  the 
organic  matter  is  very  low,  the  amounts  of  lime  should  be  reduced  by 
about  one-fourth,  / 

■/' 

Suggested  Applications  of  Finely  Ground  Limestone /to  Raise 
the       pf  a  7 -inch  Layer  of  Several  Textural  Glasses  of 
Acid  Soils,  in  Pounds  per  1,000  Square  Feet 

pH  L.5  to  5.5         /    pH  5*5  to  6.5 

/Northern    Southern""/    /HbrtheTn  Southern"/ 
and  1    -*  and 


Central 

Coastal 

Central 

Coastal 

Textural  class 

States 

States 

States 

States 

Sands  and  loamy  sands  - • 

25 

15 

30 

20 

H5 

?5 

55. 

35 

60 

!-:0 

85 

50 

60 

60 

105 

75 

100 

80  -' 

120 

loo 

200 

/ 175 

225 

20-j 

./  / 
.  / 
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You  /should  bear  in  mind  that  the  individual  horizons  of  your  soil 
may  have' quite  different  pH  values  and  lime  requirements.    For  example, 
many  soils  are  medium  acid  in  the  surface,  strongly  acid  in  the  sub- 
soil, and  only  slightly  acid  or  even  slightly  alkaline  in  the  sub- 
stratum. 

Overliming  must  be  avoided.    It  is  easy  to  overlime  very  fertile 
soils  in  which  only  small  amounts  are  required  to  make  a  big  change. 
Overliming  causes  problems  of  nutrient  deficiency,  especially  with  the 
trace  elements.    Partly  for  this  reason  it  is  better  to  use  burned  lime 
or  hydra ted  lime,  both  of  which  are  strong.    Any  unevenness  in 
spreading  may  leac'  to  overliming . 

The  b»st  material  of  all  is  finely  ground  dolomitic  limestone/ 
It  contains  magnesium  carbonate  and  calcium  carbonate.    Most  soils 
needing  lime  are  likely  to  be  deficient  to  some  degree  in  both 
magnesium  and  calcium  as  plant  nutrients.    Furthermore,  because 
dolomitic  limestone  becomes  nearly  insoluble  at  pK  .7  or  higher,  the  ^ 
danger  of  overliming  with  uneven  spreading  is  rreatly  reouced. 
Finally    if  a  very  strongly  acid  soil  is  to  be  used  for  vegetables  or 
lawns,  it  is  better  to  raise  the  pH  in  two  applications  a  year  or  so 
apart' than  in  One  big  application ; 

For  the  acid -loving  plants,  you  nay  have  the  problem  of  increasing 
the  acidity  of  the  soil.    If  the  soil  contains  free  lime,  the  most 
practical  thing  to  do  is  to  remove  it,  say  to  about  20  inches  for 
rhododendrons  and  azaleas,  and  replace  it  with  naturally  acid  surface 
soil  from  the  woods.    But  for  soils  containing  little  or  no  free  lime, 
sulfur  can  be  added  according  to  the  amount  shown  in  the  table  below. 

Amounts  for  sandy  loams  are  intermediate  between  those  for  sand 
and  loam.    It  is  not  commonly  practical  to  use  soils  more^ clayey  than 
loam  for  acid-loving  plants.    The  gardener  can  grow  acid -loving  plants 
by  removing  the  clayey  soil  and  replacing  all  or  a  part  of  it  with 
sandy  soil  mixed  with  acid  organic  matter. 

Although  aluminum  sulfate  often  is  recommended  to  gardeners  for 
increasing  the  acidity  of  the  soil,  it  has  a  toxic  salt  effect  on 
plants  if  it  is  used  in  large  amounts .  /Small  amounts  are  not  very 
effective.    About  7  pounds  of  aluminum  sulfate  is  reouired  to  accom- 
plish the  same  effect  as  1  pound  of  sulfur. 


ISO 


154 


Suggested  Application  of  Ordinaiy  Powdered.  Sulfur  to  Reduce  the  pH  of  an  8- inch  Layer 

of  Soil ,  as  Indicated  in  Pints  per  100  Square  Feet 


Original     of  soil 


5.0  . 

5.5  . 

6.0  . 
6.5  . 
\0  . 


i  0 

* « 


_  v     "   

Pints  of  sulfur  for  100  sruare  feet  to  reach  pH  of  « 


r 


Iu5 


5.0 


5;5 


6.0 


6.5 


7 


1st  Loa.ii  I  llm  Htm  I  /smd  jaai  7  /sand  jfar,  /  /ssm!  tog 


7 


f  •  •  •       •  •  •  • 


|  •  •  f  •••• 

001-0    • * • i 


2 

11/3    S...  2/3  2 

2      5  1/2  1.1/3  li  2/3  2 

2  1/2    8  .  2    5  1/2  1  1/3  b        2/3  2 

/    10  2  1/2  8  2     5  1/2  1  3/3 1 


#  0  •  •        t  •  •  • 

•  00|        •  •  •  • 

0  0  «_  •       •  I  •  • 


•  iff  Mil 

0  0  0  0  0000 

•  •00  !Hf 
■•••  • 
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The  soil  to  be  treated  must  be  well  drained.    A_ mixture  of _ sulfur 
and  organic  matter  in  vet  soils  produces  hydrogen  sulfide^  ah  ill- 
smelling  substance  that  is  toxic  to  plants • 

Whenever  possible,  it  is  best  to  prepare  the  soil  at  the  proper 
pH  for  acid-loving  plants  in  advance;    The  soil  can  be  kept  moist  while 
the  reactions  take  place,  followed  by  a  thorough  moistening  to  leach 
out  any  soluble  materials  before  planting;    If  the  plants  are  already- 
established  before  you  discover  that  the  soil  is  not  acid  enough,  you 
can  mix  one-half  to  1  tablespoonful  of  sulfur  into  the  surface  soil 
just  above  the  roots  for  an  area  of  about  1  souare  footi 

Besides  sulfur,  the  use  of  acid  mulches  (such  as  pine  needles, 
sawdust,  and  acid  peat)  and  the  continued  use  of  ammonium  sulfate  as 
a  nitrogen  .fertilizer  tend  to  increase  soil  acidity. 

A  balance  of  plant  nutrients  in  the  soil  is  essential  for  good 
growth.    Most  gardeners  realize  this  and  may  tend  to  oversimplify  the 
problem  of  soil  productivity  by  getting  a  big  bag  of  fertilizer  from 
the  store,  spreading  it  on  the  soil,  and  then  feel  they  have  done 
the  job.    That  can  be  helpful,  but  the  plant  nutrients  are  nr  more 
ir  portant  than  propel  structure,  adequate  supplies  of  water,  and  the 
control  of  soil  temperature  with  mulches. 

Besides  the  carbon,  oxygen,  and  hydrogen  from  air  and  water, 
plants  take  at  least  12  essential  elements  from  the  soil.  Deficiencies 
ir  nitrogen,  phosphorus ,  and  potassium  are  most  widespread]  those 
elements  are  most  commonly  contained  in  mixed  fertilizers.  Calcium 
and  magnesium  ordinarily  are  included  in  liming  materials,  and  at 
least  small  amounts  are  in  most  mixed  fertilizers.    Sulfur. is 
abundant  in  most  arid  soils;  it  is  contained-  iii  some  fertilizers;  arid 
enough  falls  in  the  rain  hear  cities,    Six  trace  elements  are  needed 
by  plants  in  tiny  amounts:    Iron,  boron,  manganese,  copper,  zinc, 
and  molybdenum;    Each  of  the  12  elements  is  important  as  a  fertilizer 
somewhere  in  the  worlds 

Vanadium  and  chiortne  also  are  essential  to  plants j  but  we  would 
hot  expect  them  to  iiiiit  plant  growth  in  garden  soils;  Occasionally, 
however,  a  soil  may  be  found  that  contains  toxic  amounts  of  sop©  of 
these  trace  elements  or  of  others;  " 
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Bach  of  the  12  elements  is  contained  in _  manure .  arid  iri_  cbilpbst  ma<?e 
from  normally  growing  plants,  although  usually, not  in  the  best  prbpbr^ 
tibris  to  make,  a  good  garden  soil  rrom  a  Naturally  infertile  brie.  It 
would  take  a  long  time  to  build  up  the  phosphorus  content  of  a  highly 
phosphorus  deficient  soil  with  compost  and  manure  alone. v It  is 
more  practical  to  use  chemical  fertilizer  in  ac^ciitibri  to  organic  matter; 

With  the  general  scarcity  of  good. manure  arid  good  compost  and  the 
general  use  of  mixed  fertilizers  rich  in  nitrogen,  phbsphbrus,  and 
potassium,  gardeners  must  pa/  increasing  atteritiqri  to  the  trace  elements 
in  order  to  have  a  proper  baiancp  among  the  nutrients  at  a  high  level 
of  fertility. 

The  balance  among  the  ;iutrierits —  hot  only  the  total  amounts  of 
them— is  important.     In  many  of  the  naturally. infertile,  leached  soils 
of  the  eastern  part  of  the  country,  for  example,  a  lack  of  boron  may 
be  the  factor  that  limits  plant  grcrw^}>.    Unless  it_is  added*  the 
gardener  dees  not  get  ths  advantage  of  other v fertilizers  and  good 
practices.    Boron  is  especi^ly  :;.^ortaht  for  tomatoes  arid  other  plants 
in  the  kitchen  garden.    2iv»«    also  is  rather  commonly  de^cier  t:  ^  ite 
streaks  on  the  leaves  of  suce-:.  com  indicate  its  lack  * 

The  common  basic  eleinoiiCS,  especially  calcium,  napnesium,  and 
potassium,  must  be  in  proper  relationship  to  one  another  Tor  good 
nutrition • 

Thus  the  use  of  a  large  amount  of  a  pure  cal-cii^i  liming  material 
ban  briri£  or,  magnesium  deficiency/  often  exhibited  by  a  chlorosis, 
or  yellowing,  of  the  older  leaves,  wMch  spreads  to  the  younger  leaves. 
An  'excess  of  either  magnesium  or  potassium  can  depress  the  intake  of 
the  other  by  plants*  :  •  '  "Zr  " 

.  Phosphorus,  potassium,  and  nitrogen  need  to  be  in  reasonable  balance. 
An  excess  of  nitrogen  causes  spindly,  flabby  plants  susceptible  to  disease 
Where  gardeners  use  a  lot  of  manure  or  compost  and  fertilizers  rich  in 
nitrogen,  they  are  inclined  to  have  big  plants  with  lots  of  leaves  and 
relatively  few  flowers  and  fruits.    The  addition  of  potassium  to  such 
a  soil  strengthens  the  plant.    The  addition  of  phosphorus  encourages 
more  fruiting,  earliness,  and  root  growth. 

An  excess  of  both  phosphorus  and  nitrogen  together,  and  especially 
where  potassium  is  low,  may  stimulate  iron  deficiency,  which  causes 
chlorosis.  This,  of  course,  is  especially  bad  for  acid-loving  plants 
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if  the  soil  pH  is  too  high  zMpway. 

Chlorosis  can  also  be  caused  by  manganese  deficiency  and  by  zinc 
deficiency ^but  it  is  most  commonly  due  to  either  iron  deficiency  or 
magnesium  deficiency.    In  the  latter,  the  old  leaves  turn  yellow  early, 
and  the  yellowing  spreads  to  the  new  Haves     With  iron  deficiency,  the 
yellowing  starts:  with  the  young  leaves*  and  progressed  to  the  bid  ones. 
A  nitrogen  deficiency  also  can  cause  grayish  or  yellowish  leaves,  which 
tend  to  mature  abnormally  yearly.  ; 

 The  serious  gardener  finds  it  well  worth  his  time  to  become  familiar 

with  the  function,  of  the  individual  nutrients  in  plants  and  their 
cocranon  reactions  in  the  soil,  as  explained  in  other  chapters. 

Estimating  the  amounts  of  fertilizer  to  apply  depends  upon  three 
separate  sets  of  more  basic  estimates:    The  nutrients  already  in  the 
soil,  plus  those  normally  added  in  any  cc-^ost  or  manurej  the  general 
requirements  of  the  specific  plants  to  b<    ^own;  and  the  amounts  of 
the  nutrients  contained  in  the  various  fertilizer  materials  available 
for  use.    -  - 

None  of  the  fertilizer??  consists  100  percent  of  plant  nutrients^ 
The  actual  plant  nutrients  are  parts  of  other  compounds,  and  some  other 
matorials  may  have  been  added  to  keep  the  fertilizer  in  good  physical 
condition.    Thus,  if  you  use  ordinary  superphosphate  as  a  source  of 
phosphorus  and  20  nounds  of  phosphoric  oxide  are  called  for,  you 
would  apply  100  pounds  of  the  material,  because  ordinary  superphos- 
phate has  only  °0  percent  of  phosphoric  oxide. 

Our  calculations  are  further  complicated  by  the  did  t^ade  practice 
of  expressing  the  amounts  of  phosphorus  in  terms  of  phosphoric  oxide 
rp  Ok)  rather  than  as  elemental  phosphorus  (P).    Similarly,  the  plant  . 
nutrient  content  of  a  potassium  fertilizer  is  expressed  as  potash  (K20j, 
rather  than  as  potajsium  {K).    I  hope  that  these  practices  will  be 
changed,  so  that  aii  nutrients  a^g  shown  as  the  elements.    That  is 
now  done  with  nitrogen  (K)i 

A  laboratory  soil  test  is  the  best  means  Tor  estimating  the 
existing  supplies  of  available  plant  nutrients,  along  with  the 
appearance  and  abundance  of  previous  plant  growth.    But  tV-ese  results 
cannot  be  followed  blindly  since  the  same  test  result  in^icptei* 
somewhat  different  fertilizer  recommendations  for  different  soils 
in  the  various  parts  of  the  country^    A  qualified  sbil-testirig  t 
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laboratory  takes  these  factors  into  account  in  the  interpretation  'of 
their  tests.    Thus  when  you  send  samples  to  the  laboratory  for  testing, 
the  more  precise  the  iiu  oration  about  previous  plant  growth  arid 
about  the  soil  that  you  furnish  the  laboratory,  the  bettor  the 
recommendations  you  receive  from  the  laboratory. 

•Suggestions  about  the  needs  of  specific  kinds  of  plants  for  normal 
growth  are  given  elsewhere  in  this  book. 

The  following  suggestions  about  groups  of  garden  plants  are  given 
as  rough  general  guides.    Readers  sh  mid  be  aware  that  individual  plant; 
within  these  groups  vary  considerably.    After  each  group  of  plants,  I 
indicate  roughly  their  fertility  requirements  for  nitrogen,  phosphorus, 
r* d  potassium  as  high,  low,  or  medium. 


Vegetables  ••••  ^ 

H erbs  •••••••^••t  

Lawn  grasses  .................3 

Fruits  ..r.,*M  

Annual  flowers  .......^......i.i 

Perennial  flowers   

Shrubs ,  deciduous   

Shrubs,  eve r£;  ^:-"  . .  

S^ade  trees,  deciduous  

Shade  trees,  evergreen  •  • 

The  table  on  page  i6i  is  designed  as  a  r^u^h  guide  to  the 
amounts  of  nitrcgen,  phosphorus,  and  potassium  to  use  on  garden  soil? 
of  various  textures  and  of  low  or  high  ferti^ty,  as  indicated  by 
present  plant  growth  or  soil  tests.    The  fibres  I  give  are  not  for 
the  fertilizers  themselves;  they  refer  to  th,   net  plant  nutrients  jr. 
fertilizers  as  nitrogen,  phosphoric  oxide,  an:!  potash..  The  high  part 
of  the  range  is  lor  plants  responding  to  high  levels  of  fertility  for 
a3«mShtj  and  the  law  range  is  for  plants  needing  only  low  amounts 
of  the  element. 


High. 

Medium  to  low. 
Medium  to  high, 
Keviiujru 
flediunu 

Medium  to  low. 
Medium  to  low. 
Lowi 

Medium  to  low. 
Low, 
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Suppose  tnat  our  garden  soil  is  a  loam  of  low  fertility  and  we 
want  to  prepare  it  for  vegetables.    As  a  general  guide,  we  should  need 
about  2  pounds  of  nitrogen^  3  of  phosphoric  oxide,  arid  2  of  pdtashi 

That  would  amount  to  2(3  pounds  per  1*000  square  feet  of  a  10-15-10   

mixed  fertilizer,  containing  10  percent  of  nitrogen,  15  percent  of  phos- 
phoric oxide*  and  10  percent  of  potash*    Instead  of  a  10-15-10,  we  could 
use  h0  pounds  of  the  more  common  5-10-5,  which  would  give  us  aust  what 
we  need  of  nitrogen  and  potassium  with  a  little  extra  phosphorus. 

When  preparing  a  garden  soil  for  vegetables,  flowers,  arid  lawns, 
the  necessary  limestone  and  basic  fertilizer,  as  suggested  above,  can 
be  spread  on  the  surface  and  spaded  in  along  with  about  10  to  20  bu- 
shels of  maxrife  or  gooa  compost  for  each  1,000  sqiare  feet.    If  the 
lower  layers  also  need  improvement,  they  may  be  given  similar  treat- 
ments with  variations  in  the  lime  according  to  the  degree  of  acidity. 

Many  gardens. also  heed  one  or  more  of  the  trace  elements,  espe- 
cially wheve  little  manure  or  compost  is  used. 

Magnesium  can  be  had  with  dolomitic  limestone  where  it  is  used* 
Most  mixed  fertilizers  contain  some.    If  limestone  is  not  used,  as 
for  acid-loving  pDants,  ordinary  epsom  salt  caa       ur  d  at  a  rate  of 
>ne-huiS  cupfv.l  per  100  square  feet  for  sandy  soils  e.iid  twice  that  for 
clayey  soils  i 

For  iroa,  gardei.ers  have  usually  depended  upon  sprays  having  around 
1  to  2  percent  of  s.rc  -  as  ferrous  sulfate.    One  wants  to  be  sure  to  use 
high-quality  rate rials  containing  no  residual  acids.    With  woody  plants, 
such  spraying  n«y  heeu       be  done  every  year  to  prevent  chlorosis  if  the 

soil  pH  is  too  high  or       it  contains  free  lime.    More  effective  iron  

fertilisers  have  appeared  on  the  market  under  various  trade  names.  They 
are  :6<~n«  kind  of  iro c elates.    Commonly  they  are  added  to  the  soil  in 
water  solutions,  ^rt  accordance  with  the  suggestions  for  the  specific  ma- 
terials * J though  dome  spray  t *«ra  bri  the  plants.    But  such  spraying  is  

not  necesjar/  erccyb  for  curing  ah  immediate  si  tuation.    I  have  seen  rather 
ser±ou3  cases  of  iron  chlorosis  in  azaleas  cured  within  10  days  after 
treatment  of  the  soil  dirsctly  uhdnr  the  plant  with  an  irori  chelate  dis- 
solved in  water* 

Ordinary  borax  may  be  used  to  supply  boron,  wnich  often  is  irapor- 
tr<  ^>  in  trie  kitcnen  garden  on  soils  that  were  originally  acid.  You 
most  be  careful  to  spread  it  evenly  at  low  rates  of  about  5  ounces,  or 
1  tablespoonfu^  to  100  sc  *re  feet  for  sandy  soils,  or  up  to  3  times 
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that  amount  for  clayey  soils;    Such  small  amounts  can  be  spread  more 
easily  if  they  are  mixed  with  the  bulkier  fertilizers  or  with  sand. 
For  safety  /wibie  ^rdsn  and  lawn  can  le  &iven  a  iigrt  application, 
every  2  or  3  years.    Although  celery,  cauliflower,  apples,  beetsj  and 
tomatoes  are  especially  sensitive  to  a  -sficiency  of  boronP  beans  are 
easily  harmed  by  a  slight  excess  of  Moroni 


GENERAL  SOIL  CLASS  NUTRIENTS   

(Pounds  per  1*000  square  feet) 

FERTILITY  NITROGEN      PHOSPHORIC  POTASH 

TrJCTURE  LEVEL  (N)        OXIDE  (PgOg)  (K20) 

Sandy  soils  .  .  .  Low  1  to  U  2  to  5  1  to  fa 

High  0  to  2  0  to  3  t  to  3 

t;arny  soils  ...  Low  1  to  U  2  to  $  1  to  ij 

High  0  to  2  0  to  3  0  to  2 

Clayey  soils.  •  •  Low  1  to  U  3  to  6  2  to  5 

High  0  to  2  0  to  3  0  to  3 

Muck  soils    ...  Low  |  to  3  3  to  6  1  to  7 

High  0  to  2  ltoU  0  to  3 


To  treat  soils  deficient  in  manganese  you  may  use  about  a  table s- 
poonful  of  manganese  sulfate  per  100  square  feet.    If  plants  are  al- 
ready suffering  chlorosis  from  manganese  deficiency,  a  1-  or  2-oercent 
solution  of  manganese  sulfate  may  be  sprayed  on  the  plants,  as  *xx.h 
ironi 

Zinc  deficiency  is  rather  uncommon  except  with  citrusj  pecans,  and 
sweet  corn.    All  plants  need  at  least  a  little.    Where  deficiencies  are 
suspected,  zinc  sulfate  may  be  sprayed  or  applied  to  the  soil  in  the 
same  amounts  as  recommended  for  manganese  sulfate. 

Copper  deficiencies  are  most  likely  in  :;ewly  developed  peat  soils 
or  in  old,  highly  leached  sandy  soils*  Applications  of  copper  sulfate 
should  net  exceed  1.5  teaspoorjfuls  on  peat  soil  for  100  square  feet. 

Very  old,  leached  soils  may  have  loc  little  molybdenum  for  growing 
clover  in  the  lavn  mixture.    If  you  suspect  such  a  deficiency  you  may 
use  approximately  one-half  teaspoonful  of  sodium  molybdate  for  each  ±00 
square  feet.  ~e  Excessive  counts  aro  toxic. 
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Sulfur  is  a  limiting  factor  in  parts  of  the  Pacific  Northwest,  the 
northern  Lake  States,  and  some  of  the  highlands  of  the  Middle  Atlantic 
States  far  from  cities  or  industrial  establishments.    If  ordinary  super- 
phosphate is  used,  either,  directly  or  in  low-analysis  mixed  fertilizers, 
sufficient  sulfur  is  obtained  that  way.    If  a  deficiency  is  known  or  sus- 
pected, it  may  be  overcome  by  the  use  of  ordinary  powdered  sulfur  at  the 
rate  of  about  1  cupful  for  100  square  feet.    Certainly  it  is  not  needed 
on  many  gardens . 

The  trade  offers  to  gardeners  a  few  special  mixed  fertilizers  to 
supply  the  minor  nutrients.    Those  from  dependable  companies  are  good  to 
use  if  you  are  sure  that  none  of  the  nutrients  is  alread  -  present  m  ex- 
cessive amounts* 

Ths  amounts  of  fertilizer  materials  I  have  discussed  so  far  are 
based  upon  broadcast  applications  Over  an  area.    Once  the  soil  for  the 
kitchen  garden  is  well  built  up  in  fertility— especially  in  calcium,  mag- 
nesium, phosphorus,  potassium,  and  the  trace  elements —it  as  usual  to 
place  the  fertiliser  in  bands  about  1.5  inches  beneath  and  to  one  side 
of  the  seeds.    You  -.ray  dig  a  V-shaped  trench  on  each  side  of  the  guide 
line  for  the  row  and  add  the  fertilizer.    These  little  trencnes  may  be 
filled,  and  a  shallow  one  made  for  the  seeds  themselves  directly  on  the 
liiS  for  the  row.    Similar  local  placement  can  be  maae  in  bands  around 
individual  tomato  plants,  cabbages,  and  others.    For  such  local  place- 
ment, the  recommended  amounts  of  fertilizers  are  reduced  by  about  half. 

rtith  hi^h  applications  of  compost  or  manure,  the  broadcast  treat- 
ments may  also  be  reduced  by  about  half. 

With  sweet  corn,  tomatoes,  and  long-season  salad  crops,  especially 
in  gardens  below  the  U2d  parallel,  it  is  helpful  to  give  the  plants  addi-_ 
tional  nitrogen  after  thay  are  well  started.    With  to.ui.oes,  this  is  after 
the^irst  set  of  fruit.    The  application  on  sw-,t  corn  should  be  made  vh.n 
the  plants  are  about  2h  inches  high*    HitrL;      fertilizer  is  added  in  a 
sma^  band  by  the  side  of  the  plants  ^in  we^  surface  ^h^or  so  of  soil. 


One  may  use  about  three-fourths  cupful  of  ammonium  sulfate,  or  its  equiy 
Snt^n  stme  otner  nitrogen  fertilizer,  for  each  100  feet  g  ™^Y**  th« 
rows  about  2  feet  apart.    Slightly  lower  amounts  are  used  for  plants  in 
narrower  rows  and  slightly  higner  if  obey  are  in  wider  rows.    For  an  indi- 
vidual tomato  plant  about  2  teaspoonfuls  Of  ammonium  sulfate  can  be  mixed 
into. the  surfals  inch  of  soil  iih  a  circular  band  beginning  h  inches  from 
the  plant  and  extending  to  about  12  inches  from  it. 

These  recommendations  are  very  generalized,  but  they  may  still  seem 
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a  bit  complicated  to  a  few  readers .    Those  in  a  hurry  can  treat  the 
"average"  kitchen  garden  or  flowerbed  (if  taere  is  an  "average")  with  1^000 
pounds  of  manure  and  20  pounds  of  a  10-10-10  fertilizer  per  1,000  square 
feet  and  hope  for  f>ir  success •    This  will  not  fit  all  plants . 

Recommendations  as  to  fertilizers  in  bulletins  and  those  based  on 
the  results  of  soil  tests  from  a  reliable  laboratory  are  usually  given  in  . 
terms  of  pounds  per  acre  or  pounds  per  1,000  square  feet.    Since  most  gar- 
deners do  not  have  proper  scales  for  weighing  these  materials,  tables  are 
given  (next  pages)  to  show  hov  such  recommendations  may  be  converted  into 
ordinary  household  measures— pints,  cups,  tablespoons,  and  teaspoons.  The 
values  are  not  precise  but  are  near  enough  for  applications  in  the  ordinary 
gardens    One  ptot  is  equivalent  to  2  cups,  or  32  tablespoons,  or  9§  tea- 
apoonBi    Figures  in  the  tables  refer  to  level-full  measures,  except  those 
marked       which  are  slightly  less  than  fu31,  and  those  marked  with  hj  which 
are  siigfrt3y  heaped* 

A  pint  of  water  weighs  ±« 01*2?  pounds^    So  for  materials  having  that 
same  weighty  one  i^y  convert  directly  from  pounc*~  to  pints, _ although  most 
of  them  are  lignter  than  water.    The  common  materials  have  been  grouped 
according  to  their  weight,  and  calculations  were  made  on  the  assumption 
tnat  itsteriais  are  dry  and  loose  and  are  scooped  up  without  pacrifig* 

One  table  gives  the  equivalents  for  various  groups  of  materials  in 
volume  measure  for  100  square  feet  from  recommendations  given  in  pounds 
per  acre  or  pounds  per  1,000  square  feet*    The  next  table  translates  these 
voluube  measures  per  100  square  feet  into  volume  measures  required  for  rows 
or  individual  plants  at  different  s pacings? 

Suppose,  for  example,  the  recommendations  for  1,000  square  feet  of 
garden  soil  are  60  pounds  of  finely  ground  limestone,  28  pounds  of  ordi- 
nary superphosphate •  2  pounds  of  ammonium  sulfate,  and  6  ounces  of  borax. 
3y  linking  the  proper  group  in  the  first  table,  we  find  that  these  sa^e* 
recommendations  become  respectively  6  pirns,  J  pints,  8  table spoonfuls, 
and  i  uablespoonful  for  100  square  feet.    In  the  ctner  table  we  find  that 
for  tomato  plants  spaced  2.25  by  2.25  feet  the  rates  for  individual  plants 
are,  respectively,  5  cupful,  5  tablespoonfuls,  1  teaspoonful,  and  l/6  teas- 
poonful,  and  thus  we  see  tnat  the  materials  are  used  at  very  different  rates 
and  how  easily  it  would  be  to  get  an  excess  of  nitrogen  and  borax. 

Lawns  are  a  special  problem  to  many  gardeners.    The  basic  prixu.ipl^s 
of  good  soil  structure,  drarlriage^  irrigation^  acidity,  arid  j.lant  nutrients 
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aDDlv  to  the  garden  soils  used  for  lawns  about  as  tuey  do  to  those  used 
?orVt«ge tables  and  flowers.    The  same  may  oe  said  for  light  and  root  com- 
petition. 

Somehow,  gardeners  have  the  notion  .that,  any  space  not  used  for  flowers, 
s^ubsfanTtrees  around  the- home  should  oe  needed  to  lawn  grass.    Thxs  does 
hot  hdldr  Grasses  cannot  oe  expected. to  do  well  in  heavy  shade  amid  compet- 
™l  ?°ee  roots.    In  areas  of  relatively  mild  winters,  several  other  ground 
covers!  such  as  periwinkle  or  English  ivy,  do  better,  booh  in  the  shade  and 
on  sKep  banks,  provided  that  the  growing  ends  are.  tipped  into  th^ soil  to 
give  a  solid  root  mat.    Where  snade  and  much  walKing  are  botn  handicaps  to 
grass flagstones  can  well  be  laid. 

Fstaolishine  a  proper  grade  is  tne  first  step  in  developing  a  lawn. 
When  building^  nouse"  ft  is  best  to  scoop  up- any  good  surf  ace  soil  and  lay 
it  aside.    The  materials  excavated  from  a  oasement  space  should  be  carted 
away    Scept  for  those  needed  in  the  lower  part  of  deep  fills,  say  in  holes 
or  depressions.    Even  for  such  fills,  heavy  raw  clays  shoulc  be  avoided  be- 
cause  drainage  is  slow  tnrougn  them. 

Following  completion  of  the  excavation,  grade  lines  snould  be  planned 
in  even  Sntil  slopes  away  from,  the  house.    Tne  grade  lines  snoulo  allow 
for  an  addition  of  good  surface  soil  or  "topsoil"  of  3  to  10  xnches  depon- 
ing on  the  character  of  the  subsoil.    If  the  subgrade  material  is  soil  of 
Sum  t.xnur.  and  can  be  worked  into  good  structure  rather  eas^y    a  tnin 
topsoil  of  1  to  u  inches  is  adequate,  but  if  tne  subgrade  materia^  is  nearly 
structureless,  either  single-grained  sand  or  massive  clay,  a  thick  topsoil 
is  catted  for* 

Steeply  sloping  soils  cannot  be  expected  to  support  good  lawns.  Any 
steep  slope  should  be  broken  up  oy  some  stone  walls  or  terraces  so  that 
the  actual  lawn  -.as  even,  gentle  slopes. 

±f  tne  garden  area  slopes  upward  at  the  back  of  the  house,  consider- 
able excavation  may  be  needed  and  combinations  of  £a^f  fnt^T 
lets  mav  nav-  to  be  built  so  that  all  the  water  from  the  slope  is  inte r- 
ceptef  anHlows  slowly  away  from  the  nouse  without  danger  of  flooding  tne 
aouse  or  of  eroding  tte  soil  during  neavy  storms. 

Many  steep  soils,  especially  in  the  relatively  dry  Western  States, 
are  nonstable;  during  periods  of  pro  lorded  rain,  masses  of  soil  tend  to 
sSdef  ieavy  stone  retaining  well  ancnored  back  into  the  hill  a^ 

witn  deep  foundations,  are  necessary  for  safety.    Such  construction  calls 
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for  the  services  of  a  skilled  engineer  familiar  with  soil  stabilization 
and  drainage; 

In  building  a  new  home  and  garden  in  any  wooded  area,  arrangements 
snould  be  made  to  protect  selected  trees.    Builders  should  hot  be  per- 
mitted to  destroy  trie  nice  oaks  and  other  sldw-grbwirig  trees  . that  can  be 
saved.    It  takes  too  long  to  replace  them  from  small  ones.    Most  of  the 
rapidly  growing  trees  are  a  nuisance  in  a  small  garden  because  their  re- 
latively siiallow  roots  compete  directly  with  the  grass  and  with  other 
garden  plants. 

Trees  selected  for  saving  should  be  protected  against  machines  used 
during  excavation  and  grading  by  heavy  planks  about  6  feet  long  placed 
vertically  around  the  tree  and  bound  to  it  with  neavy  wire  around  the 
planks.    If  the  find  - jade  line  is  much  below  the  original  one,  the  trees 
cannot  be  saved,  of  course.    If  the  soil  was  originally  poorly  or  im- 
perfectly drained  and  the  new  cuttings  for  roadways  s ad^enly  change  the 
soil  to  a  well-drained  one,  the  older  trees  will  probably  die  because 
their  surface  roots  will  not  be  able  to  supply  enough  water*  Younger 
trees  may  b  e  saved  by  watering  until  new  roots  have  grown  more  deeply. 

Trees  can  endure  significant  additioru:  of  -roil  where  the  grade  line 
is  above  the  original  ground  line  only  if  wells  are  built  around  them. 
More  than  a  6-inch  layer  is  hazardous  without  such  a  well.    Wells  are 
built  of  brick  or  stone  from  tN  original  soil  surface  to  the  tPP  of  the 
new  grade.    The  upper  rim  of  the-  well  is  made  level  and  is  flush  with 
the  new  grade  only  on  the  upper  side  of  the  slope.    Wells  are  about  6 
feet  in  diameter  for  mature  trees.    If  the  new  grade  line  is  no  more  than 
about  16  inches  above  Ihe  original,  the  well  a Ions  is  enough  to  aerate 
the  roots  while  tney  are  being  reestablished.    If  the  added  soil  is  deep- 
er _t:ian  that,  a  layer  of  coarse  rock  fragments,  covered  with  fine  stones 
and  topped  with  some  gravel  and  sand,  should  be  laid  outside  the  well  on 
the  ground  out  to  the  tr.ps  of  the.  branches  before  the  new  soil  or  soil 
material  is  added,    with  tile  laid  txirougn  the.  well  into  this  coarse 
layer,  tne  roots  can  ^et  air  during  the  several  years  needed  for  the  trees 
to  establish  roots  in  ohe  hew  situation. 

Having  prepared  the  subgrade  in  even,  gentle  slopes,  it  ?aould  be 
firmed  so  that  fills  will  hdt_settle  after  the  lawn  is  established.  _  If 
the  material  is  acid,  ground  limestone  snoald  be  added.    It  can  be  fer- 
tilized on  the  basis  of  a  soil  test,  out  usually  30  pounds  of  ordinary 
superphosphate  and  10  pounds  of  po^ssiura  sulfate  to  1,000  square  feet 
will  not  be  far  wrong.    Manure,  compost,  or  other  organic  materials  3hould 
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be  worked  r.nto  the  subgrade  arterial  if  it  is  clayey  or  ii  the  soil  tends 
to  become  missive. 

S3S3*g  mm  spfxM  ass  ss. 

able  slowly  without  "burning1-  the  grass  is  best. 

t«.  sail  need:  to  be  firm  and  free  of '-big  air  pockets,  but  not  hard. 
R.iLiiT  J! ^urlafe  S  claley  .oils  snould  be  avoided  because  xt  promotes 
the  formation  of  nard  crusts., 

Lawn  trasses  >r*V  be  established  by  Sodding  the  soil  surface,  by  sprig- 

m  &L'UESSk£  §£  ^iSHk    Sco^ndations  also  can  easi* 
be  sad  from  ,our,StaU  agricultural  experiment  station. 

Good  weed-free  sod  is  both  expensive  and  hard  «  «f ^ 

fers  sprigs  ana  clean  seed  over  wesdy  sod. 

Tt  is  easir-  to  ass  sod  tnan  seed  oniairoy  steep  slopes  that  are- to 
k    CT  "l^d     When  sod  is  placed  or.  such  slopes,  many  flattish  wooden 

r^iboutT^sr inob  s  ffi  f^^m^i^  iss  gsr* 

^offrS  slIppS  ioS  ST^i^S  periods  before  t*  passes 
become  roted  in  the  soil  beheat .■». 

Tn  v«™  areas,  grasses  like  Berraudagrass,  St.  Augustine  grass,  and 

resistance  to  Jrougijtj  neat    a_  ^  ^seas.,  aespite  t        ^  ^ 

brown  during  -.he  winter.   .^j^^iS    ft  is  well  fertilized 
SS^WIST^^S  SttSgltlr^.    6nce  the  .hole  soil  is  Well 
covered,  weeds  nave  difficulty  establishing  themselves. 
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Lawns  in  cool  areas  can  be  seeded  during  the  springj  bat  in  warm 
areas  early  autumn  is  best  so  that  roots  become  well  established  before 
periods  of  high  heat.    Grass  seeds  are  sewn  most  evenly  with  a  nsachine, 
but  good  results  can  be  had  witn  hand  broadcasting  on  a  windless  day 
if  hilX  is  sown  in  strips,  laid  outgone  way  and  tfis  other talf  in  strips 
laid  out  across  the  first  ones* 

;.    The  seed  is  lightly  covered  witn  hand  raking  and  watered  lightly  with 
a  gentle*  fine  spray.    Only  hew  grass:  seedings  ~re  watered  frequently  and 
lightly.    Mature  laims  should  be  watered  deeply  if  they  are  watered  at.  all. 

Oh  sloping  soils  where  there  is  danger  of  heavy  rains  before  the  grass 
is  established*  coarsely  woven  cloth  or  erosion  netting  can  be  staked  down 
over,  the  newly  seeded  surface  to  protect  it  from  wasning.    It  is  held  by 
small  wooden  stakes  driven  down  flush  with  the  suriace?  both  stakes  and  net- 
ting will  rot  away. 


After  establishing,  the  lawn*  if  the  gardener  finds  snail  depressions; 
from  soil  settling  shallow  ones  may  fee  filled  graduate  over  a  <>oriod  of 
years  by  sifting  one-half  inch  of  good  garden  soil  onto  the  estaof.ished 
grass  from  time  to  time* 

The  established  lawn  needs  continual  care  oh  most  soils •  Occasional 
applications  of  finely  ground  limestone  may  be  iseeded  to  keep  vhe  re- 
action at  f'.bbut  pH  6*5.    More  than  this  shc-dd  not  be  usedU    If^he  soil 
has  beer  fertilised  well  with  phosphorus _s ^c^potassium  and _if ^  any  o tijar 
deficiencies  have  been  corrected  at  the  starts  an  annual  application  of 
a  nrfcxed  fertiliser  high  in  nitrogen  is  commonly  used* 

flost  re c ommenda ti o ns  suggest  ah  applicatd  oh  of  soraathihg  like  ZG 
or  25  pounds  f>er  1^000  squ^^e  feet  of  a  10-6-it;  fertilizer  in  the  spring* 
Unless  it  is  applied  carefully  when  the  grass  is  dry  and  unless  the  ap- 
y    nation  is  followed  by  rain  or  thorough  sprinklings  ^ burning"  of  the 
is  likely^    It  is  much  tetter  to  split  iho  appii^atious  i:»to  two 
ii-  t  iee  lighten  baas  over  an  interval  of  some  tfeeks.    You  can  ouy _£ 
a tbw^y  available  but  high-analysis  nitrogen  fertiliser  that  does  not  bPi-n 
tht>  grass  but  gives  a  alow^  continuous  supply  to  the  plants  throughout 
the  growing  season. 


In  warm*  humid  areas >  SdWwver#_  spring,  applications  of  ni  orogen  often 
stimulate  fungus  disease*^  especially  on  clayey;  soils.    Bluegra^s,  for 
example*  responds  readily  tc  nitrogen  fertilizer*    The  plants  are  luscious 
and  tender.    Then  during  hvtj  humid  days  in  late  May  or  Juhei  dampitr^^bff 
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and  brown  patch  may  nearly  destroy  these  susceptible  p^nts.    Under  such 
c^wfSe  main  application  of  fertility  can  b^d*^  „0 
Til   lvt.,r  the  danger  of  these  diseases  is  past.    Vhe  grass  plants  go 
•   Stn^Sle^withlKd  root  reserves  and  should  be  given  only  very 
^to  cne  winter  wiLn^^^       ^  remainder  of  the  year,  except 

SgSeTileaulder  fctiSF*^**  should  hav,  light  to  medium  ap- 
plicltions  in  spring  and  summer. 

/      Close  clipping  with  the  mower  is  a  common  cause  of  poor  lawns,  espe- 
/cially  in  wamplaces  iffiiri  to.  hot  rays  of  the  sun  All  ^<*£  ™ 
/  g§S  S  -  Jants^itn  tf  mower  Jffl.  £= 

7     gSJ.Tn  ^ofl-relioSrthelrair^.  biW*  down  to  1  inch,  but  in 
warm  areas  1.5  or  2  inches  is  better. 

Fremientlv  It  is  wise  to  leave  the  clippings  on  the'  lawn,  because 
the  cSppiSs^elp  to  maintain  organic  matter  and  nutrients  in  the  jug 
IKe  Sil     Heavy  clippings  from  infrequent  mowings,  however,  should  be 
removed  to  and  not  left  as' a  smothering  mat  over  the 

grass* 


./ 
/ 
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ENTOMOLOGY- 
Insect  Groups 

GRASSHOPPERS,  ROACHES,  AND  THEIR 
KIN   (Orthopterd)  Medium  to 

large  insects.  Live  on  Hand.  Forewings  leathery. 
Hindwings  folded  fan-like  (some  have  no  wings)* 
a?    Development  graduql.  Chewing  mouth- parts. 

EARWIGS  (Dermapferaf  Small  insects 

With  typical  pincer-le  ;e  tail.  Usually  four  small 
/  wings.     Segmented    antennae.  Development 
gradual. 

TERMITES  (Isoptera)  Ant-like  in- 

sects,  small  and  soft-Bodied.  Some  have  four 
long    wings.    Live    in    colonies.  Specialized 
"castes"  for  working,  fighting.  Chewing  mouth- 
parts.  Development  gradual. 
LICE  (Anoplura)  Small,  wingless  in- 

sects with  piercing  and  sucking  mouth-parts. 
Body  flattened,  tegs  wsth  claws  for  clinging  to, 
warm-blooded  an ima Is . 

LEAFHOPPERS,  APHIDS,  AND  SCALE  IN- 
SECTS  (Homoptera)  Small  to  me- 

dium insects,  most  with  two  pairs  of  similar 
wings  held  sloping  at  sides  of  body.  Jointed 
Beak  for  sucking  attached  to  base  of  head. 
t^^L  insects.  Some  scale-like. 
TRUE  BUOS  (Hemiptera)  Range 
from  small  to  large  in  size.  Two  pairs  of  wings, 
with  forewings  partly  thickened.  Jointed  Beak 
for  sucking  arises  from  front  of  head.  Develop- 
ment is  gradual. 

PRAGONFLIES  AND  THEIR  KIN  (Odonata), 
Fairly  large  insects  with  two  pairs 
of  long,  equal-sized  wings.  Body  long  and  slen- 
der. Antennae  short.  Immature  insects  are 
aquatic.  Development  in  three  iroges. 
MAYFLIES  (Ephemerida)  AND  STONEFLIES 
(Plecoptera)  Both  wiJh  two  pairs  of 

transparent,  veined  wings.  In  mayflies,  hind 
wings  are  smaller;  in  stoneflies  they  are  larger. 
Mayflies  have  long,  2-  or  3-pronged  fails. 
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NERVE-WINOtD  iNSECTS  (N«wioptera)s^ 

The  two  pairs  of  wings,  oiocUy  eaual 
in  size,  are  netted  with  veins.  Four  «t  ages  of  de- 
velopment: egg,  larva,  pupa,  ond  odult.  Chew-^ 
ing  mouih-parts.  Long  antennae. 

SCORPIONFLIES  (Mecoptera)  Small 
insects  with  two  pairs  of  slender,  generally  spot- 
ted Wings,  Legs  long.  Antennae  long  also. 
BoaMtke,  chewing  mouth-parts.  Larvae  live  in 
soil; 

JADDISFLIES  (Trkhopteru)  Most  lar- 

vae live  in  fresh  water.  Some  build  ornamented 
case.  Adults  with  two  pairs  of  wings  with  long, 
silky  he'  irid  with  long  antennae.  Mouth-parts 
reduce 

MOTHS    AND    5UTTERFUE3  (Lepidoptera) 
Medium  to  lege  insects  with  two 
pairs  of  scaly  wings.  Sucking  mouth-parts.  An- 
tennae knob-like  or  fedthery.  Development  In 
four  stages. 

FLIES  AND  f HEiR  KIN  (Diptera) 

Two-Winged,  small  to  medium  insects^wifh 
sucking  mouth-parts-  Antennae  small,  eyes  large. 
Second  pair  of  Wings  reduced  to  balancing  or- 
gans. Development  in  four  stages. 

BEETLES  (Coleoptera) 

wings  modified  to  thickened  covers.  Hind  wings 
thin,  folded.  Size  from  small  to  large.  Chewing 
mouth-parts.  Antennae  usually  short.  All  have 
four  life  stages.  Some  aquatic. 

BEES,  WASPS,  AND  ANTS  (Hymenoptera) 
Small  to  medium-six*  insects; 
many  social  or  colonial.  Two  pairs  of  thin,  trans- 
parent wings.  Hindwings  smaller.  Meu?' -parrs 
for  chewing  or  sucking.  Only  insects  with  •'sting- 
er.;.*'  Development  in  four  stages. 
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ERADICATICN  OF  CONCR  CRCP  PESTS 


CORN,  KICE,  SORGHUM;  ;«iDS«AttrffltAlNlN8ECT3 


Crop  and  insect 


CORN 


Armyworm 


Insecticide 


DDT 


Parathlon 


Toxaphene 


Chinch^ 
Border  row 


Dleldrln 


Toxiphane 


Barrier  atrlpo 


Dleldrln 


Cont  carwvnn 


DDT 


Sevin 


Tol» 


5  kernels 
plus  cob 
wii!.  ^isfc 
removed 
25  (odder  or 
forage 


Sin,  day s 
from  laat 
application 
to  Kirveif 
or  feeding 


12 


Formulation 


Dosage  per  acre 
(active  ingredient 
unless  otherwise 
indicated) 


X 


1}  IB. 
jib. 


EC 


2  lb. 


i  lb 


Where  and  when  to  applv 


WBwi  lHW  Ire  young; 


To  file  of  plants  where 
biji  coopeglU;  ccaI  or 
wet  bugs. 


21b.  lb  25  p!. 
if  Lb.  in  25  caJ* 


Strip  4  rods  wide,  till 
ilongedtoofccnfield 
and  half  tloagedgeof 
WH  grtfi,  and  atrip 
lorbee^acb  end;  repeat 
lor  2  tub  later  , ( 
Deeded.  


On  lame  In  whorl  tod- 
worts  dean)  lor  2 
applicatioiu  (flitciSI  tto 
spray  will  mi  into  whor, 
tf  [/^before  tMselinj 
and  silking, 


Q>  lame  b»  >-  is  iod  eara 

(iMd^corn)  iS*_Ucli- 
cietruttfptt]^^ 
4  nottlw  per  row;  dire  t 


apphcai'*  a,  Liter  than 
2<k;;iafUr  lUi  ;^eer; 
repeiionca  or  twice  24 
dayiiprt. 


SaJety  restrictions 


Do  not  feed  forage;  including 
ensilage,  (rated  with  DDT 
or  toxaphene  to  dairy  enimale 
cr  animals  being  finished  for 

iri 


Plrathion  should  be  allied 
only  by  a  trained  operator. 


CORN,  ftlCE,  SORGHUM,  A^DSMAL'^RAtN  INSECTS  (cbntMj 


Crop  ind  insert 


CORN  (can4_ 


Corii  rootwma 


C  ifwormi  Ind  geaertl 
toil  inieL  i 


DUxiiitt* 


Aldrln 


HcpUiiJor 


European  com  borer  DDT 


SPN 

Serin 


Tanpkeje 


Toieran'V 
fp.p  n,| 


5fc  r*5 
pi  l  cob 
will,  ii'iik 
removed 
25  fodder  or 
fornge 

I 


Min.  dtfys 
from  kit 
application 
to  harvest 
or  (ceding 


Formulation 


G,  EC, 

1-2  lb. 

lerli! 

sture 

C 

lib. 

(S, .EC  i 

fertile  or 

1-2  lb. 

mixture 

EC 

EC 

0 

G 

45 

EC 

G 

14 

G  v 

w 

I 

WP 

"r* 

\  • 

Dosage  per  acre 
(active  ingredieM 
unless  otherwiB' 
indicated) 


1-2  lb. 


1-2  lb, 


ii  lb. 

21b, 

lib. 

lib. 
1/5-1 1 

j/S  lb, 

I* 
iijb- 

ijlb. 


Where  and  when  to  ?  ,iy 


hills  wfiet:    ;  ^g; 
miximum  b'  oadcuit  V 
fore  planting  wd  imc  edi- 
itely  work  h'o  upper 
3-4  In.  of  soil.  Apply 
ditiinoD  to  row  only  when 
Ranting.   


Minimum  dos&je  in  bund 
over  row  im  pUnting; 
muimum  broulcMt  be- 
fore piwiihg  and  bnme^i 
itejy  work  into  upper 
3-4  Bu  oLiML  


When  jofplmts  Mi 
flrst-gwerillon  ltfvie 
(wdlngln  *hor\ind 
i|tlo7  days  lat*r  if 
seeded;  TW«ltfiw»i 
feneration  tSen  tHe^ 
!0(i  e(B  miiavec  VQ 
plfnQ. 


Safety  reiii. -jettons 


Do  rot  (eflj  forage,  lncliadlns 
mltyi*  frarted  v/th  ildrlr, 
DDT,  or  ioKkpheri^  or  with 
mo;!  than  one  application  o| 
giarOi;  to  dairy  antnaia,  or 
that  treated  with  DDT  emulsion 
or  dust  to  animals  being  flnishi 
(or  slaughter;  do  not  feed  for- 
age trited  with  DDT  granules 
within _?n  days ;ohiaughter,  or 
with  tor<*ene  granules  to 
dkiry  r/>' jiili  or  Mteiila  being 
(iniehci  for  i  laugher, 

Bidrto  and  EPN  should  be 
applied  only  by  a  traded 
operator. 

Do  riot  apply  atdrDi  or  dieldrin 
tnoiv  than  once, 

Do  not  apply  h^pkmchlor  io 
— wltiihef^iep^^  -.- 
i  n  it  may  adversely  affect  thr 
hop  riant* 


m  when  rocftvenns  taw  developed  resistance  to  otor  iwecUcidea. 


EMC  i  J 


.  ISO 


Crop  And  inseet 


CORN  (con.) 


Fali  arroywbrm 
Urvw  in  whori 


Larvie  attacking 


ears 


Grasshoppers 


Insecticide 


DOT 

EndriD 

Parathlon 

S«Y!n 


DDT 

ScvtD 


Dleldrin 


Aldrin 


Chlorfihe 

DIetdrio 
Milathicn 


Sevin 


Toxiphew 
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 emKr^1-SORGHUHrJMI)  SMLt-OPfflN  INSECTS  jr  Wlmii] 


Tolerance 
(p.p.m.) 


Middays 
from  last 
implication 
to  harvest 
or  feeding 


Formulation 


5  kernels 
plus  cob 
with  husk 
.removed 
25  fodftfor 
forage 

7 


1  kernels 

ilul  cob 
'  iih  husk 
emovrd 
I  fodder  or 


0.3 


2  kernels 
plui  cob 
with  \  ask 

_  removed 

8  forige 

5  kernels 
plus  cob 
with  huik 
removed 

S-feJftr  or 
fcige 

7 


45 


,  EC  or  G 
I) 

N 
i  EC 

W: 


60 


21  f2or 


60 


EC 

DorWP 


EC 


EC 


EC 
EC 
EC 


WP 


WP 

EC 


Dosage  per  acre 
(active  ingredient 
unless  otherwise 
indicated) 


Where  ;md  when  to  apply 


Mj  lb, 

:-\  w. 
lib. 

lb.  in  25  gai. 


.1.1-2  lb. 
21b 


Ij-Slb. 
ilib. 


H  h; 


i-2  bt. 

lib. 


j-lib. 


CfcrcoMwapptotlenfl 
AtiKt&i  Into  whorls  from 
abov., 


One  or  two  ipplicitiow 
when  larvie  are  young; 
directed  at  ear  zone; 


When  plants  ire  imill; 


Safely  restrictions 


Dr  not  feed  forage,  including 
Milage,  treat^i  wlih  ajdrin* 
cKloi'dGie;  DOT,  or  loxiphene, 
or  with  more  than  one  ifiplici- 


tfon.olendrtfl,  iqdiiry  infill, 
or  that  treated  with  DDT  emul- 
sion or  tfiist  to  animals  being 
finished  (or  aUu^ter;  & 
feed  forage  treated  with  DDT 
granules  within  90  days  ot 
slaughter. 


Ehdrifi  and  pa.rtthlon  should  be 
applied  ply  by  a  lr»h«d 
operator. 


pb  hot  tjnly  ildrin  or  dleldrin 
more  than  once. 


To  hatching  (ireas*  hen 

ZnpCl *  :  rfifif  
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Ctti:;;        SOUGHUM,  AND  -MALL-CRAW  INSECTS  (continued) 


Us-  ':ti' .  V 

Tolerate 
jp.p.-'n.i 

—  . 
M;n,  'Uxs 

lUti\  lliil 

^plication 

to  harvest 

or  feeding 

Formulation 

Dosage  per  acre 

Where  and  when  to  apply 

Crop  ind  insect 

(active  ingredient 
, unless  otherwise 
indie,  ed) 

Safety  restrictions' 

COftN  (con.)  - 
Mormon  cnckf. 

Aldrtn 

Chlorfoie 
Tonphene 

0 

Baits* 

EC  Of  WP  for  wot 
Sit;  oil  Boln,  (or 
dry  biit 

In  100  lb,  Mi 
2  oz, 

lib. 

1  IK 
1  ID, 

Spread  bait  aheid  of 
advancing  band  of 
criclieS  it  10-20  lb; 
per  lore. 

Store  bait  where  livestock  can- 
not reach  .it;  do  not  pile  on 
grwiid;;  Keep  livestock  off 
air  strips  where  planed  Ire 
being  loaded  with  bait  Try 
not  to  spil!  bait;  clean  up  any 
that  is  spilled. 

Do  not  feed I  foraje,  Including 
oisilace,  treated  with  aldrin, 
chlbrtfane,  eiiifrDi,  or  EoopheM 
to  dairy  anlmalf  or  artmali 

,, ,  .,   

Southwestern  corn 
borer 

•I 

Endrin 

_ 
G 

1  Ik 

9  ■  nnllr»«tiftni  1A  fkvl 
L  ippilClUDIlD  IV  Uljfl 

apart  when  .second- 
generation  borers  are 
first  observed. 

Spider  mites 

PariQiiofi 

1 

12 

Dor  EC 

(Si  foliage  ii  heeded; 

Sugarcane  beetle 

Altfrin 
Hept^'* 

0 
0 

EC  orG 
EC  oi-  G 

lib. 

t  Ik- 

I  Id. 

Mi  in  bind  ori  top  of  row 
whea  planting,  A!erL% 

Lilly  mo  uc  ippucu  u 

soon  y  possible  after 
corn  comes  ij>. 

being  finished  for  slaughter. 

Endrin  and  paraOilbh  should  be 
applied  only  by  a  trained  r 
operator. 

I 
\ 

Sv^  me  borer 

todrih 

- 

- 

c 

It 

3  times  ID- 14  Syi  apart 
when  second-orthird- 

generaiion  borers  arc 

ft  pit  AhMrvft! 

Do  not  apply  beptacl  lor  to  ibitt 
where  hopa  may  be  irowti u  (t 
may  adversely  fltet  Che  hop 
plant. 

While  pite 

Aldrin 
HepU-d^Icr 

0 
0 

EC  ar  l 
EC  or  G 

ll-?.lb. 

Broadcast  2-3  *aAs  be- 
fore planting  and  iihSiefr 
aieiy  wc/k  into  upper 

t-4  in  a!  noil 

,  _,  B  ■ 

Wirewrma 

Heptachi'v* 

0 

D  1 

ECord 
EC  orG 

lj-2  lb. 
lj-2  lb.' 

Broadcast  before  planting 
SH  immediately  work  into 
ipp^r  3-4  in.  of  soil. 

♦  Prepare  according  to  directions  b  FB  20B1, 


t 

i 


ERLC 
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CORN,  RICE;  SORGHUM,  AND  SMALX-GRAL1  INSECTS  (continued). 


Crop  jim{  insect 

Instciicivie 

Tolerance 
(p.p.m.) 

Niii,  dais 
from  last 

to  hirvt?,! 

Formulit-m 

i 

Dos^e  per  air* 
(active  ■  v  Hif»,: 
unit's  u:ei*w 
ijififcilhti) 

r 

Wh(jrc  and  when  to  apply 

'      Safety  restrictions 

i 
i 

RICF 

 . 

Aidrln 



1 

!  jlb./lOO  lb  Be-.! 

To  seed  before  plir  ,  ,  ,. 

Do  not  e  treated  iftd  for 

Grape  coiispis 
Rice  water  weevil 

Dor  WP 

foodo  ;>ed 

DorWP 

j  ib. /1001b.  teed 

i 

SHU  bug 

S.  n. 

jj 

W  ,'</*" 

J:l  lb. 
j-jit; 
lj-2lb. 

7 
14 

ic 
rc 
wi> 

About  1  week  after  het& 
appear,  Two  application! 
may  ue  needed  If  infestation 
16  severe, 

•j 

ib  net  allow  dalrf  utoaltor 
anlmili  being  Unified  Tor 
slaughter  to  graze  on  fields 
treated  with  toapheoe. 

Do  liot  feed  forage  of  ttriw 

SORGHUM 

i — 

PlK'tdrln 



3 

21 
1 

EC 
WP 

 — 

jib.  . 
ii  lb.  1 

■-  —  '-  "  — 

When  lame  are  small, 

C  tj  etrworm  on 
head*  for  pain 

10  jraln 

treated  with  toxaphene  or  - 

LOO  foraj« 

phjiphimidai  to  dairy  ar  _ 
■^nallrOMnltMlf  !ng~" 

Chinch  bog 
-border  nin 

Dieldrin 
Touphw 

o 

5  frtln 

M 

EC 

lib; 

2  Ih 

ic  nwe  oi  pianui  wnere 

him  ffnin  knit  oAif  a* 
Ul^D  CUIJIBjliC,  Cull  or 

finished  hr  ifiujfift.  N< 

[inumtion  on    oi  iAe  [(ram, 

r 

Fimer  Ntripi 

tteldrtn 

0 

CO 

tc 

u 

Strip  no*  <;1de,  half 

alitig  txJ|eofior(6«i)  field 

IDU  >riL,  a^itflp 

icr   acH  aid:  repeat  1 

or    filter  If 

s 


CORN,  RICE,  SORGHUM,  AND  SMALL-GRAIN  INSECTS  ptftued)- 


Crop  ami  insect 


jOBGIfUM  (con.) 


Fall  armywbrm 


larvae  In  whorl 
(ftcwrm  image) 


r  I  beetles 


GrtBshoppfii? 


Insecticide 


Pinthloo 
Sevln 

Toxiphenc 


DDT 


Sevln 


Dieldrtn 


iMeldrin 


Sorghum  midge  or,  DW 
hetdfi  for  seed 

Scrghum  webworm    j  Med1 

pi 

Scvtii 


Tolerance 
(p.p.m.l 


100  forage 


}  grain 


10  grain 
100  forage 


Mih.  days 
jrbni  list 
application 
to  harvest 
or  Teeding 


12 


21 


12 


21 


40 

?! 


4 

3 
21 


Reconinicicled  on  grain  fiorghum  only. 


Formulatiofi 


IC 

m 

EC 

D_ 

EC 
EC 


WP 


EC 


EC  / 
EC 


EC 

EC 

WP 


Dosage  per  acre 
(active  ingredient 
unlea*  otherwise 
indicated) 


3:4  oz. 

S 16. 
ll  lb. 


ll-2lb. 
1Mb. 


21b, 
jib, 


lj  lb. 


l-2oi. 


Where  arid  when  to  apply 


Safety  restrictions 


When  larvae  are  young. 


When  plants  aresmall. 


Do  not  feed  torige  treated  with 
COT,  or  with  more  ihwj  oi. 
of  dieldr In,  to  dairy  animals 
or  animals  being  finished  for 
slaughter, 

Do  n6t  apply  DDT  to  sorghum 
after  heads  bef in  to  form 
unless  heads  ire  being 
produced  for  seed; 

Do  not  apply  endrln  more  than 
ofice. 


To  entire  plant  before 

hewte  appear.  Endrin9  parithlon,  ttri 

only  by  &  trained  operator, 


To  Stcfifig  arns  when 
nymphs  are  young.  Apply 
Wiin  only  once. 


lilb. 


ijtb. 
lilb: 


Aa  soon  M  IhTesEatioii  is 
found. 


Do.  .not  feed  forage  treated  , 
with  toxaphene  to  dairy 
animals  or  animals  being 
finished  (or  slaughter.  Doy 
not  apply  loxaphenf  more  than 
once  after  heads  be  Jn  to  form. 


ER?d 


mi 


-  -i  - 


CORN,  MCE.  SORGHUM,  AND  SMALL-GRAIN  INSECTS  (continued) 


Insecticide 

Tolerance 
(p.p.m.) 

1  " 
Mm.  days 
from  list 
application 
to  harvest 
or  (ceding 

F  rnjatam 

Dosage  per  acre 

Where  and  when  to  apply 

Sale!)  restrictions 

Crop  and  insect 

(active  ingredient 
unless  otherwise 
indicated) 

SMALL  GRAINS- - 
Barlry,  Otis; 
-Wheat;  Aha  Rye 

DDT 
fteldrui 

Ptrathlon 
Toxaphene 

■ 

0. 1  grain 
0.75  straw 

1  (except  on 
rye| 

b 

7 
7 

15 

EC 
EC 

EC 
EC 

ijib. 
lib. 

jib. 

I*  IK 

When  larvae  arc  young, 

Eto  not  appjy  DDT  after  heads 
begin  to  form. 

Do  not  apply  endrin  more  than 
once, 

Do  not  allow  dairy  animals  or 

Armyworm 

Brown  wheat  mite 

Demeton 
Parathion 

0.75  grain 
(except  on  rye) 
5  forage  and 
straw 

lexcept  on  rye) 
I  (except  oii 
rye) 

45 

21 
15 

EC 
EC 

|lh. 
jib. 

animals  being  finished  for 

When  damage  appears. 

slaughter  lo  graze  on  fields 
treated  with  DDT  or  toxaphene 

Endrin  or  parathion  should  be 
ipplied  only  by  a  trained 
operator. 

Donojappiy  DDT  to  barley  or 
parathion  to  rye. 

Do  not  apply  demeton  more 
than  twice  per  season.  Allow 
at  least  H  days  between  appli- 
cations. 

Chinch  bugs . 
Barrier  strips 

Dieldrin 
» 

0  1  grain 
0.75  straw 

7 
7 

EC 

jib. 

Strip  4  rods  wide,  half 
along  edge  of  cornfield 
and  half  along  edge  of 
small  grain,  and  strip 
across  each  end,  repeat 
1  or  2  weeks  later  if 
needed. 

Corn  lea!  aphid 

Pinthlon 

1  (ejecept  on 
-rye) 

15 

EC 

- 

jib. 

Oh  foliage  as  needed. 

Cutworms 



DOT 

Toxaphene 

5 

„ 

M  barley 
7  others 

EC 
EC 

1)  lb, 

:  i  lb. 

VfllCM  lal  i&L  SIC  YUllllk. 

Fill  armyworm 

DDT 

EC 

lib. 

u 

L  ID 



Fivirln 

♦5 

EC 

3-<  01 

Pinthion 

1  (except  on 

15 

F,C 

lib 

rye) 

Tottphene  | 

5 

EC 

iJr-2  lb 

i 

D 

21b 

1 1 


CORN,.  RICE.  SORGHUM,  AND  SMALL-GRAIN  INSECTS  (continual) 


Tolerance 

(p:p;m;) 

Mm.  days 
from  last 

Doiaffr  Mr  if 

Crop  and  Insect 

Inaedinde  ► 

application 
to  harvest 
or  feeding 

Formulation 

(active  inpedient 
uhleaa  otherwise 
indicated) 

Where  and  wtieli  to  apply 

Safety  restrictions 

WALL  GRAINSh- 
Barley,  Oiti,  Wheat, 
'  iDdffyojccn.) 

Grasahopperi 

Alflrln 
Chlorine 

ft    t   w-i  i  In 

0,  [  pun 
0.75  straw 

7 

30 

EC 
EC 

2-4  Qi~. 

I-p. 

To  hatching  areas  when 
nymphs  ire  youg. 

Do  not  apply  cblordane  after 
heads  begin  to  fonn. 

Dieldrin 

Malathlon 
Toxiphene 

0.1  pita 
0.75  itnw 

a 

7 
7 
7 

EC 

EC 
EC 

I-2ot, 

lib. 
t-ij  tb, 

Do  rk>t  allot  pulr^  on  fleli 
treated  with  chlordane.  Do 
not  allow  dairy  aaJmalo  or 
animals  being  finished  lor 
slaughter  to  graze  on  fields 
treated  with  toxiphene. 

Greeoftaj 

Demetai 

0;75  grain 

45 

EC 

lib. 

When  teiiiperiJiirt  Is  W°F, 

JWvCjA  on  rjrej 

S  fortfe  ud 
stnw\ 

21 

or  above. 

Methyl  parathlon  or  parathlon 
should  be  applied  only  by  a 
trained  operator, 

Methyl  parathlon 

(tfceptoriryef 
0 

15 

EC 

lib. 

Do  not  apply  ptrathion  to  rye. 

Parathlon 
Phoa&hanildon* 

1  (except  on 
rye) 

15 

EC 
FC 

•  'V 

lib. 

Store  halt  where  livestock  can 
not  reach  it;  (to  not  pile  on 
poind.  Keep  livestock  off 
airstrips  where  planes  are 

Baits *• 

'■"  In  100  lb.  bill 

being  loaded  wifli  bait;  Try 

M  ormoo  cricket 

Aldrin 

Chlorine 
Toxiphene 

0. 1  grain 
0.75  itnw 

5 

7 

tit 

H  barley 
f  outers 

EC  or  WP  (or  wet 

... 

bftlt;  oU  loin,  for 
dry  Sit 

2  DC. 

jib. 
lib; 

Spread  halt  ahead  of  - 
advancing  band  of 
crickeU  it  10-20  lb. 
per  acre, 

not  to  spill  bait;  clean  up  any 
that  is  spilled. 

Do  not  apply  detneton  more 
than  twice  per  season.  Allow 

a?  ImjE  M  fivt  6*»Iwnw\ 

applications. 

Per  colony 

Red  ham  or  anl 

Carbon  disulfide 

Fumlpmt 

4(1;  ox; 

Pour  into  en&fhce  hole  of 
Mit: 

Chlorckne 
Dieldrin 

0.1  pita 
0:75  itnw 

7 
7 

s%  b 

i.5  %  D 

J ». 

jib. 

Spread  thinly  tn  4-6  In. 
band  in  circle  5-6  it. 
Oi  diameter  anwml  mi 
entrance,  _   

•Rec^mended  for  me  on  wheat  only. 


••Prepare  according  to  directional  In  FB  2081. 


Cr<jjj  tix!  insect 


MX  EC  CHAWS- 
arlcy.OiS.Wbeiit, 
and  Rye  (con.  j 


Winter  piin  mite 


ERIC 


Iniifciicide 


Matithion 


CORN,  RICE,  SORGHUM,  AM  SMALL- GRAIN  INSECTS 


Tolerance 

(p.p.mi) 


Mm,  Hays 
Iron:  last 
application 
lo  harvest 
or  feeding 


l  (except  on 
rye) 


7 

15 


Formulation 


EC 

K 


ions: 

Bait  ;  .  t  .  B 
Bust ....  D 


Dosage  per  acre 
jictive  ingredient 
unless  otherwise 
indicated) 


3/5  lb. 

H  lb,  (Mwannon 

for  iirplir.f  ^pli- 
cation) 


Mure  and  when  to  apply 


Safety  reitrlctiofli 


Apply as  soon  u  Injury 
ippeirs. 


Euulsifiabie  concentrate  ,  <  «  EC 
Granules  


193 


Piriililoh  ehould  be  ippti«d 
ooly  by  i  trained  operator. 

Do  not  apply  penlalon  lo  rye. 


Spray .  .  ......  S 

Wettable  powder ,  ,  ,  KIP 
Solution.  soln. 


ANIMAL  HUSBANDRY 


BEET  CATTLE 


You  can  convert  feeds  produced  on  your  farm  into  beef  under  a 
number  of  systems  j. 

1.  Beef  breeding  herd,  with  all  calves  except  necessary  replace- 
ments sold  as  feeders  at  weaning  or  at  yearling  ages.    A  variation  of 
this  system,  more  important  in  the  South  than  elsewhere,  is  to  sell  fat, 
calves  for  slaughter  at  weaning,  -t 

2.  Beef  breeding  herd  combined  with  feeding  operation.    All  sur- 
plus young  cattle  fattened  on  the  farm  where  produced. 

3.  Feedlot  operations  with  purchased  feeder  cattle. 

he    Combination  grazing  and  feeding  operations  with  purchased 
feeder  cattle. 

5.    Dual-purpose  breeding  herd,  with  calves  either  fattened  on 
farm  where  produced  or  sold  to  feeders. 

The  particular  system  of  beef  production  that  will  suit  your 
farm  deperds  dri-- 

-  Type  of  farm.    Should  most  of  it  be  in  pasture  or  forage  pro- 
duction or  is  much  or  all  of  it  suitable  for  grain  production? 

-  Size  of  your  farm. 

-  What  markets  are  available  in  your  area. 

-  Your  financial  situation. 

-  How  much  help  is-available  arid  what  you  pay  for  it. 

You  can  vary  your  feeding  plan — tho  ratio  of  concentrates  to 
roughage— to  use  your  available  feed  to  the  best  advantage.    Table  1 
gives  reasonably  realistic  estimates  of  the  amounts  of  feed  required 
per  head  for  various  production  programs. 

Cow  herds  are  particularly  adapted  to  farms  that  produce  large 
amounts  of  pasture,  arid  harvested  roughage  and  limited  amounts  of 
grains.    Drylot  full  feeding  of  weaned  calves,  either  steers  or 
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heifers*  requires  ho  pasture --only  moderate  amounts  of  harvested 
roughage  arid  relatively  large  amounts  of  grain. 


T.iHLh  1    -  Approxt  tmitt  amount  of  feed  ret/nirrtl  p     icrmi  nm/'er  mritms  Urtf-pnttiut  tiort 

priKjrti  ms 


I'muram 


A  wrrnir  i*r  ilny 


Pas, 
tun- 


|  _IUr, 
Vi-Mi'd 

!  ihuy 
1-14111 N  rt- 

I  •  "n  1 ) 


I>nyi 

21* 


1    i;i.M)-.pou.mt  Ivrf  rnw  and  ralf  (n  wt-aidhjr 
itm  rrrrpi 

I'aMur.i  _   

\\  mii-f  tui,  I  .Hi  da\  - 
'2    A  di )  .1  I  HjiUi  L I  i.m  ■  r«  r  1 »:  f . :  <m  J  <  a  IJ  for  .1 L"  1. ! Jii.i  .v  _ 
3    Kt-nlliip  stfrr-falv.-s  from       hi  W-.V>-|miuihI>  j 
Dry  lo.i;_23n  iiij>^  iiivt>raffi<  dally  gain,  2 

l*>un«M  .  ...   

4;  KiM-tlihjt.  itfiT-.-talvrs..  tram  ..4ttJ..JUi.  .Ijtb* 
jHUjnils  1  WLnter.  13t)  days  (avrrave  daily 

jtijiiv  j.  a _|n)uhd<)::_  .  ..i...:.  .   

1'aMurr.  I2n  da>s  iaverage  daily  |tuln,  1  3  , 

.  jxiunds)        .   . ... :  1211 

Dryjol.  Km  days  (average  dally  pain.  2  n  , 

_    _  pmmds)  .    I  

3.  Fi'i'dlnu  hrifi  r  ralvrs  from  44"i  In  73i»  pound"* 
Dry  Jjii.  Sim  da\  <  in\  ram  dtfll>  irain,  1  °S 

(Kiuml'i   

J>;;  d  nv  y.  arllrip  SIj  cts  Urn  ?im  tn  I  n  .H  i 
jMitinds 

Dry  li  t  1  Hi  d  »k  in*  r  l^   daily  mm  2  *i 

I  lounrM     

7.  Kut-il  i  m  it  -  2-  y  i-a  r  old  >tirrs  frr»rii  u3ii  tu  i.2M' 
pounds 

Dry  i:t       mu  li«)   ti>s  f«vo  rato.  duly 

  gain .  2  S  j  iou  wis  1   '  ...    

h.  j.2i*i-pouiiii-  dual  jjurpo^'  -row  hiiikiii  J3u 

days  and  hrr  calf  10  *♦  aulnu  >  .  . . .  213 


J.x  r  >rar  1 
•  hi  I  mnl 


J'r« >t«  in 

ihi'iii 


I'lU,  „,tn 
I 


|lj»r.. 

Vested 
rmti:haki 
(hay 

1  -i.jujy.M- 


I 'rm  nit* 
J.t""i 


1.1**1 


|.li«i 
4.  IMI 


I  I'rott  lil 

Sujijik- 
in. ut 


I,'.I3JI  , 


I.  Vmi 
1.  ami 


1  in 

KM 


_J  TriisiafiU  -is  Uast-d  largiily  bii  puMisH«d  data  Aiin aiiU? ir*^  aj^ir-oxUiiati'-aiid  *  Hi  did«  r  ni  \  .11 iinii*  *  i-tinii.*  iif 
thf  Nal  ion,  particularly  iH'cau***-  of  iJihVruicr*  in  I  In*  InnMh  of  t hi-  jrrar Inn  M  Asnih 

1  Deferred  Kansas  System   -  -------    ...  .  .      -  ......... 

•  Assuming  thai  thr  co*  js  milked  23n  da>  s  and  (>i  in*  .  ri. 3m  pounds  o»  rmlk  **1h  i»  fed  h  ]«•- j x -nviil  rono'ii- 
l-T-ait'tbixturr  ait  In  rate  iifj  pound  Mr  c;u  h  4  jkMiiej.*  ni  iidk  jirodinvd.  arid  »>•  fid  a  j»r«»i.  mi  •aij«i*i.  lin-iit  diiriiiif  hrr 
dr>- 1 rtji>«  1  vlnl«-rl. 


Other  feeding  operations  with  older  cattle  md  deferred  feeding 
systems  with  calves  effectively  use  larger  proportions  of  roughage  than 
calf  feeding  systems.    These  operational  however,  also  require  grain 
production  on  the  farm  or  a  local  source  of  grain  at  reasonable  prices 
if  they  are  to  be  successful. 

lour  farm  may  be  best  adapted  to  a  eystem  in  which  Rattle  arc 
botli^raised  and  fattened.    For  eacample,  part  of  your  farm  may  be_rough, 
brokan,  non-t ilia ble  land  that  is  best  suited  for  gracing  cow  herds  j 
If  your  farm  also  hes  tiiiable  land  from  which  you  can  harvest  grain 
and  roughage,  a  system  of  fattening  the  animals  raised  as  calves  or 
yearlings  may  be  your  choice^ 
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 Dual-purpose  cattle  systems  were  an  important  part  of  the  Nation's 

cattle  economy  in  earlier  years.    They  have  become  less  important  with 
the  trend  toward  larger  farmsj  more  special izatibn^  more  expensive 
labpr^  arid  more  rigid  sanitary  requirements  for  the  production  of  dairy 
products  for  human  use. 

Today,  the  dual-purpose  cattle  system  probably  id  suitable  only 
to  small  or  medium-sized  farms  In  areas  where  there  is  not  a  ready 
market  for  fluid  milk  arid  where  unpaid  family  labor  is  available. 

This  bulletin  discusses  the  management  of  beef-^cow  herds.  Sug- 
gestions are  included  on  raising  the  calves  produced  to  market  ages. 


SIZE  OF  HERD  AND  EXPECTED  PRODUCTION 


On  most  farms,  a  beef  herd  is  only  one  of  several  enterprises. 
Therefore,  considerable  flexibility  in  size  of  herd  is  possible. 

The  herd  should  include  at  least  20  to  25  cows.     One  bull  can 

service  a  herdthis  size  or  somewhat  larger.    Small  herds  cost  more 

per  cow  for  bull  service.    Often,  inferior  (bulls  are  used  in  small 
heixifl--and  calf  quality  is  lower. 

Partnership  or  community  ownership  of  bulls  or  use  of  artificial 
insemination  may  make  smaller  herds  feasible.    Artificial  insemination 
la  successful  with  beef  cattle  if  the  cows  are  observed  carefully  so 
that  heat  can  be  detected  accurately,  but  it  is  not  available  in  some 
areas. 

The  profit  you  can  expect  from  your  beef  herd  depends  to  a  large 
extent  on  the  percentage  of  the  cows  that  produce  calves  each  year. 
A  survey  in  1955  indicated  that  less  than  80  percent  of  the  Nation's 

beef  cows  produced  calves  each  year.    Properly  managed  tenn  herds  

should  exceed  this  figure,  but  herds  with  average  calf  crops  of  above 
95  percent  over  a  period  of  years  are  exceptional.    A  calf  crop  of 
90  percent  is  about  the  attainable  average  under  good  management. 

Werning  weights  vary  with  the  type  of  cattle  and  feed  supplies, 
but  your  calves  should  weigh  an  average  of  USO  to  500  pounds  at  ?J  to 
8  months  of  age  if  you  are  to  make  moneys 
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SELECTING  BREEDING  STOCK 


Any  of  the  leading  beef  breeds  la  satisfactory  for  fara  production 
in  areas  where  they  are  adapted.    You  can  choose  the  breed  you  prefer. 

4--  .,Cr088bred  calves  of  British  types  have  given  conflicting  results 
in  Halted  experiaenta,  but  they  probably  are  more  vigorous  and  grow 
faster  on  the  average  than  purebreds  or  grades  with  parents  of  a  la  liar 
quality.    However,  their  superiority  is  hot  great,  and  it  is  difficult 
for  a  small-herd  owner  to  follow  a  systematic  crossbreeding  program. 

Unless  you  have  a  herd  large  enough  to  use  two  or  more  sires, 
you  probably  should  use  a  bull  of  the  same  breed  as  your  cows.  This 
will  involve  a  period  of  "grading  up"  if  you  start  with  a  mixed  or 
nondescript  group  of  cows.    In  some  areas,  it  is  difficult  to  market 
crossbreds  „to  advantage. 

 In  *he  Deep  South,  experiments  have  shown  that  crosses  between 

Brahman  and  British  breeds  exhibit  vigor  and  growth  rates  superior  to 
either  parental  type.    They  produce  carcasses  equal  to  or  only  slightly 
inferior  to  those  from  British-type  cattle  at  least  when  marketed  at 
young  ages.    The  value  of  Brahman  blood  is  particularly  apparent  in 
the  cow's  calf -raising  ability*    If  ycu  live  in  ah  area  where  some 
Brahman  blood  is  desirable,  you  can  use  a  continued  crossbreeding 
program  or  grades  or  purebreds  of  one  of  the  hew  breeds  based  on 
Brahman-British  Crossbred  foundations* 

More  important  than  s sleeting  the  breed  or  the  crossbreeding  plan 
is  selecting  breeding  stock  from  within  the  breed  or  breeds  chosen. 


SELECTING  HERD  BULLS 

If  you  can  find  one,  an  older  bull  that  has  been  proved  oh  the 
basis  of  his  progeny  to  be  a  superior  breeding  animal  probably  would 
be  your  "best  buy,"  provided  he  is  free  of  reproductive  disease. 
Such  bulls  seldom  are  available,  howe'  er,  so  you  probably  will  be  forced 
to  purchase  young,  untried  bulls. 

A  bull  12  to  lb  months  of  age  can  be  handbred  to  20  to  2$  cows  in 
a  season  or  can  be  allowed  to  pasture  breed  smaller  herds*    Using  buHs 
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this  age  ±3  risky^  however*  since  their  fertility  and  breeding  be- 
havior tend  to  be  uncertain*     It  is  preferable  to  use  a  bail  at  least 
18  months  old.     Uhder_ pasture  breed irig  condit ions ,  bulls  of  this  age 
and  older  usually  will  breed  2$  to  30  cows  satisfactorily  in  a  70- 
to  120-day  breeding  period* 

Consider  the  following  factors  in  selecting  a  young  bail: 

-  He  should  be  from  a  sire  and  dam  with  good  fertility  records. 
If  possible,  choose  a  foil  from  a  sire  and  dam  whose  other  off- 
spring have  above -average  performance  records* 

-  He  should  have  been  raised  by  his  own  mother  and  have  had  a 
satisfactory  weaning  weight*    Such  a  bull  will  have  a  good  chance 
of  transmitting  satisfactory  calf-raising  ability  to  his  daughters 
and  thus  contribute  to  the  longtime  improvement  of  ifoe  herd's  per- 
formance i 

-  He  •  should  haw  exhibited  good  gaining  ability  after  weaning 
and  should  have  a  high  weight-f or-age  at  12  to  lli  months  of  age* 

-  He  should  be  a  thick-fleshed  animal  of  desirable  conformation, 
of  acceptable  breed  character,  and  of  an  inherent  skeletal  size  that 
is  compatible  with  producing  finished  progency  at  popular  market 
weights. 

-  He  should  be  disease 'free  and  from  a  herd  with  a  good  health 
history. 

SELECTING  FEMALES 


As  far  as  possible,  use  the  same  standards  when  buying  females 
for  your  herd  as  when  buying  bulls.    Ordinarily,  you  cannot  be  so 
selective. 

Cull  the  cow  herd  on  the  basis  of  regularity  of  calving  and 
weight  and  quality  of  calves  produced.     If  a  cow's  first  calf  Is  poor 
her  later  calves  are  likely  also  to  be  below  average.    You  can. safely 
cull  cows  in  the  lower  10  to  2$  percent  of  a  herd  on  the  basis  of 
performance  records  of  1  or  2  of  their  calves. 

For  replacements  in  an  established [herd,  20  to  U0  percent  of 
the  heifers  raised  must  be  saved  if  herd  numbers  are  to  be  kept  up 
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(depending  on  percentage  of  calf  crop,  culling  intensity  among  cows^ 
and  the  age  at  which  cows  are  replaced)*    Select  heifers  with  heavy 
weaning  weights,  good  rate  of  gain  arid  fattening  qualities; . and  ac- 
ceptable beef -type  conformation. 

Keep  performance  records  tp_ help  you  cull  older  animals  and 
select  replacement  animals  intelligently.    These  records  need  not 
be  elaborate  but  should  include  the  following: 

-  Identification  of  each  ariijnal  by  means  of  ear  tattoos ,  ear 
notches,  brands,  or  neck  straps, 

»  A  record  of  the  parentage  of  each  calf. 


-  A  record  of  the  birth  date  of  each  calf. 

-  A  weight  arid  grade  taken  at  or  near  weaning  to  evaluate  the 
dajn1  s  maternal  ability. 

If  you  keep  your  calves  past  weaning  age,  you  should  feed  and 
manage  all  those  of  each  sex  alike  so  that  you  can  evaluate  rate  of 
gain  from  weights  taken  6  months  to  a  year  after  weaning.  Grade 
animals  at  this  tijne^ 

When  buying  herd  sires  or^feraales  from  other  herds,  look  for 
animals  from  herds  where  performance  records  are  available.  Because 
management  practices  and  feed  supplies  have  a  great  influence  dri 
records^  do  not  rely  solely  on  the  absolute  size  of  the  records.  In- 
stead, select  animals  from  among  the  tops  in  a  herd. 


RAISING  REPLACEMENT  SREEDITJG  ANIMALS 


Good  pasture  is  the  best  and,  usually,  the  cheapest  feed  for 
developing  replacement  heifers  following  weaning.     Howe ver,  heifers 
usually  are  weaned  in  the  fall  and  must  be  fed  through  the  winter 
in  dry  lot.    The  level  of  feeding  to  be  used  the  first  winter  fol- 
lowing wearing  should  depend  largely  on  whether  you  plan  to  breed 
the  heife n  at  lli  to  16  month?  of  age  to  calve  at  about  2  years  of 
age  or  whether  you  plan  to  breed  them  to  calve  first  at  about  3  years 
of  age. 
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If  you  plan  to  breeS  them  for  aariy_  calving,  feed  them  during 
the  first  winter  so  that  they  gain  1  to  l|  pounds  per  day  awl  weigh 
600  poureis  or  more  at  breeding. 

Rations  that  should  accomplish  this  are  as  follows: 

Pounds 

1.    Corn  or  sorghum  silage  ----------------------    25  to  30 

Grain  — —    3  to  5 

Protein  supplement  — ' — - — — —  * 

2*    Legume  or  mixed  hay   12  to  15  * 

Grain   3  to  5 

3*    Corn  or  sorghum  silage  -r-f   25  to  25 

Legume  hay  -----------   3  to  U 

Grain  ——————   3  to  5 

ij.    H^h-quality  grass  hay  — ^— ^   12  to  15 

Grain  -   3  to  5 

Protein  supplement  .  —  — — — -  1 

These  heifers  will  requiig  similar  rations  duiing  <their  second 
winter  just  before  calving. 

If  you  postpone  breeding  so  that  heifers  rdrop  their  first 
calves  as  3-year-oids,  you  can  feed  them  more  limited  and  econom- 
ical winter  rations  and  depend  oh  summer  pasture)  to  pr«luce  most 
of  the  growth. 

Rations  that  can  be  expected  to  produce  gains  of  lA  to  3/h 
pound  daily  during  the  first  winter  are: 

Pounds 

1.  legume  H*y  ------------------------------     U  to  6 

Low^quality nonlegume  roughage^  such  as  straw,  - 

low-quality  grass  hay,  or  cottonseed  hulls  ------     6  to  o 

2.  Corn  or  sorghum  si^e  ------------^  20  *°  g5 

Cottonseed,  soybean,  or_linseed  meal^  of  other 

high-protein  supplement  —  — - — ~ — -  * 
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Pounds 

3.    High^-quality  grass  hay  .  ^ — ^   12  to  15 

k.    Lw--quality  grass  or  legume  hay  —    ie  to  15  " 

Protein  supplement  ------ —   ± 

S.    Legume  hay   3  to  5 

Corn  or  sorghum  silage  — — —  —   g  to  10 

Grain   2  to  3 

In  many  parts  of  the  country  you  can  winter  heifers  more  cheaply 
on  permanent  pasture  than  in  dry  lot  on  harvested  feed  even  if  pastur 
are  low  in  quality.    Feed  protein  supplements  at  the  rate  of  1  to  2 
pounds  daily  if  you  do  thi£* 

Usually j  bulls  should  be  fed  rather  liberally  from  weaning  to 
12  to  Hi  months  of  age.    This  promotes  rapid  development  and  makes 
breeding  use  possible  at  minimum  ages.  r  Alsb>  liberal  rat  ions 
during  this  period  give  a  bull  an  opportunity  to  show  his  inherent 
ability  to  gain,  fatten,  and  develop  satisfactory  conformation.  His 
ability  in  these  respects  is  related  to  the  potential  performing 
ability  cf  his  progeny.    Thus,  selecting  and  using  bu£ls  with  above- 
average  performance  during  this  period  should  lead  to  improved  herd 
:e* 


FEEDING  AND  CARING  FOR  BREEDING  BULLS 


As  a  general  rule,  a  bull  requires  more  feed  than  a  cow.  How 
much  more  depends  on  his  size  and  age  and  how  heavily  you  use  him. 

Fertility  ia (  likely  to  be  best  if  bulls  are  kept  in  medium 
flesh  and^  can  exercise  atjfiiii    Too  much  fat  wastes  feed  and  money 
and  may  result  in  poof  fertility^     Bulls  that  are  too  -ihin  also  may 
have  breeding  difficuitiesi 

During  the  grazing  season,  good  pasture  will  provide  most  of 
the  bull's  nutritional  needs .    Usually,  however,  young  growing  bulls 
need  some  supplementary  grain  to  keep  in  satisfactory  flesh.  If 
used  on  a  jeasbrialbasis^  most  bulls  are  likely. to  Ipse  200  to  300 
pounds  durix%  breeding  season.-    They  m  must  gain  1  to  ij  pounds  a  day 
during  the  rest  of  the  year  to  regain  this  loss^ 
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;  Older  bulls  usually  will  maintain  desirable  condition  on  good 
pactufe  in  swnmer  and  roughage  in  winter.    To  provide  enough  carotene i 
which  . the  animal  can_  convert  to_ vitamin  A,  at  least  half  of  the  roughage 
fed  (dry  basis)  should  be  good  legume  hay  or  com,  sorghum,  or  grass 
silage.    If  hone  of  the  roughage  is  legumo,  1  to  2  pounds  daily  of  a 
high-pro tein  supplement  should  be  fed. 

Although  there  is  no  scientific  evidence  to  confirm  their  idea, 
mary  breeders  think  it  is  desirable  to  stop  feeding  silage  about  30  days 
before  the  breeding  season.    Usually*  some  grain  is  fed  for  30  to  60 
days  before  the  breeding  season,  and  during  the  breeding  season  when 
this  is  possible,  to  improve  breeding  performance.    °ne  pound  of  pro- 
tein supplement  and  5  pounds  of  grain  daily  should  be  ample  for  most 
bulls.    The  condition  of  .the  bull  should  govern  the  amount  of  feed 
offered . 

Do  not  allow  the  herd  bull  to  run  with  the  cows  the  whole  year. 
If  possible,  keep  him  in  a  separate  enclosure  during  the  nonbreeding 
season.    If  you  cannot  keep  him  in  a  pasture  ty  himself  after  the. 
breeding  season,  pasture  him  with  steers i  or  pregnant  cows*    A  bull 
in  good  breeding  condition  is  likely  to  be  temperamental.  Always 
handle  him  with  care. 

The  fence  around  the  lot  or  corral  where  you  keep  the  bull  should 
riot  stop  him  from  seeing  other  cattle  but  should  be  securely  constructed. 
For  an  added  safety  factor,  install  a ,  batte  ry-o pe r ated  "charged-wire" 
device  pri_ the  inside  of  the  fence  enclosing  the  lot  or  corraii  Find 
the  best  location  for  the  wire  by  trial  J  a  height  of  about  2  feet  is 
suggested. 


FEEDING  AND  CARING  FOR  THE  COW  HERD 


Cows  produce  fewer  pounds  of  meat  per  hundred  ,pound*^of  live  weight 
than  any  other  class  of  farm  animal.    Because  feed  required  for  mainte- 
ance  is  roughly _  proportional  to  live  ^ightA  beef  cowb^  must  be  fed  as 
much  as  possible  on  low-cost  roughage  and  waste  and  byproduct  feeds  if 
they  are  to  compete  successfully  with  other  classes  of  livestock* 

In  all  beef-cow  herd  operations  a  middle  level  of  nutrition  is  the 
most  profitable.    Feeding  above  this  level  will  increase  wpense  with- 
out commensurate  increase  in  production.    Keeping  cows  too  fat  m«y 
decrease  fertility  and  milk  flow.    Undue  limitations  on  feed  quality 
and  quantity  will  reduce  productivity-- particularly  the  percentage  of 
calf  crop--and  thus  reduce  net  income . 
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 Pastures  are  the  natural  feed  for  beef  cattle,  and  cows  on  good 

pasture  ordinarily  will  not  need  supplemental  feed;    Some  cattlemen 

th ink  that  betef  cows  on  extremely  succulent  pasture  early  in  the  spring 

benefit  if  they  are  fed  some  hay  or  other  dry  roughage; 

If  you  wean  your  calves  in  the  fall,  you  may  be  able  to  maintain 
your  beefcow  herd  until  well  into  the  winter  on  meadow  or  small  graiil 
aftermath,  on  stalk  fields  after  corn  has  been  harvested,  or  en  permanent 
pasture  where  grass  has  been  allowed  to  accumulate  during  the  late  summer . 
They  can  get  most  of  their  roughage  from  such  material— feed  that  might 
otherwise  be  wasted.    Usually  this  roughage  is  low  quality,  because  it 
is  mature  and  low  in  protein.    If  this  is  so,  feed  abQut  1  pound  of 
protein  concentrate  per  head  daily. 

s         Start  winter  feeding  uheri  pasture  conditions  demand  it  and  before 
the  cows  lose  much  weight.    Supply  feed  in  small  amounts  at_ first  arid 
ircrease  as  necessary.  _ Usually,  feed  the  poorest  hay  or  silage  first 
and  save  the  best  roughage  for  late  winter  and  the  calving  season. _ 
In  many  climates  you  can  feed  your  herd  on  permanent  pasture  sod.  This 
saves  cleaning  and  manure. hauling  during  the  busy  spring  season. 

Feed  cows,  yearlings,  and  calves  separately.  .Separate  cows  into 
small  groups  for  winter  fseding  so  that  the  "bossy"  cows  can  be  separated 
from  timid  ones. 

Rations  for  dry  laef  cows  can  vary  widely j  because  they  depehd_oh 
the  feed  available*    Include  a  sbyrce  of  vitamin  A  in  the  ration.  You 
can  meet  a  cow's  daily  requirements  for  vitamin  A  by  feeding  about  5 
pounds  of  green-colored  hay  or_l$  or  more  pounds  of  silage  preserved 
so  that  its  green  color  is  well  maintained. 

A  succulent  feed  is  desirable  but  hot  essential  in  the  ration  of  a 
dry  beef  cow.    Silage  is  the  most  widely  used  feed  of  this  type.  Corn, 
sorghum,  and  various  types  of  grass  silage  are  exellent.    Stock  carrots 
or  other  root  crops  also  are  excellent,  but  they  are  not  used  much 
because  of  the  labor  heeded  to  grow  and  harvest  them. 

To  maintain  weight,  a  beef  cow  needs  about  2  pounds  of  dry  matter 
daily  per  100  pounds  of  live  weight.    Much  of  this  can  be  straw,  low- 
quality  grass  hay,  corn  stover,  ground  corncobs,  cottonseed  hulls,  and 
similiar  materials.    Feed  good-quality  hay  or  silage  in  limited  amounts 
or  a  cow  will  eat  more  than  she  heeds  and  increase  feed  costs  unduly. 
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Some  examples  of  suitable  rations  for  dry^  pregnant 'cows  weighing 
about  1660  pounds  foilowt 

Pounds 

li    tegume  or  mixed  ^ass-legume  hay  16  to  25 

2.    fcegume  hay  5  to  10 

Straw  or  iow-qusif  ty  grass  hay  10  to  15 

3»    Conn  or  sorghum  silage  30 
Legume  hey  J> 
Straw,  low-quality _fthss _heyj;  cottonseed  huiis^ 
ground  corncobs,  or  other  low-quality  roughage  Unlimited 

U.    Cereal  straw  Unlimited 
Protein  supplemer^  1 

Corn  or  sorghum  silage  5©  to  60 

Protein  supplement  i 

6.    Prairie  or  grass  hay  Unlimited 
Protein  supplement  0*5  to  1*0 

?•    Grass  silage  30  to  h0 

Straw  or  low-quality  grass  hay  Unlimited 

There  has  been  some  interest^in  wintering  cows  or  heifers  entirely 
on  low»quaiity  roughage  such  as  ground  corncobs  or  cottonseed  hulls  pins 
2  to  3 J  pounds  daily  of  a  highly  fortified  protein  supplement  like 
Purdue  Supplement  A. 

Formula  of  32-percent  crude  protein  Purdue  Supplement  A: 

:  ;;  Founds 

Peg  ton 
o  f  mix 

Soybean  meal  (itU  percent)  1^286*2 
Molasses  feed  (U5  percent  molasses)  571*6 
Bonameal  102*8 

Salt  .  1  3h.h 

Vitamin  A  and  D  concentrate  5*0 

1Concentrated  cod-liver  oil  with  latency  of  2*250 International 
Units  of  vitamin  A  and  300  International  Units  of  vitamin  D  per  gram. 
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A  ration  of  1U.5  pounds  of  ground  cobs,  3/5  pounds  of  supplement  A, 
and  1  pound  of  ground  alfalfa  has  proved  satisfactory  for  wintering 
pregnant  cows.    Feed  prices  ar.d  availability  deterrajrie  whether  you 
should  use  rations  of  this  general  type^    Cost  easilv  can  be  greater 
for  rations  of  this  type  than  for  more  conventional  rations  and  no 
evidence  indicates  better  results* 

Unless  vour  ha^or  silage  is  of  very  good  quality,  to  stimulate 
milk  flow  you  must  feed  concentrates  to  cows  that  drop  fall  calves 
and  nurse  them  during  the  winter.    Add  3  to  5  pounds  of  a  16-percent 
protein  concentrate  mixture  to  ai^y  of  the  rations  listed.    Silage  is 
especially  valuable  for  cows  nursing  calves* 

When  cows  calve  in  early  sprinc  before  pasture  is  available,  feed 
them  more  liberally  after  their  calves  are  large  enough  to  benefit 
from  an  increased  milk  flow. 

Except  in  the  Deep  South  most  of  the  perennial  summer  pasture  grasses 
used  for  permanent  pastures  are  dormant  and  have  low  nutritional  value 
during  the  winter.    If  you  use  them  for  grazing  during  winter,  feed  a 
protein  supplnjnent.    Usually  it  is  more  economical  to  feed  halves  ted 
forage  for  a  time  each  winter  except  in  the  most  extreme  southern  areas. 

In  much  of  the  South,  weii-fertiii zed  temporary  winter  crops  such 
as  rye j  oats^  ryegrass^  or  mixtures  of  these  with  crijnson  clover  will 
furnish  grazing  during  the  winter  monttiSi    i^oductivity  varies  greatly, 
depending  on  the  severity  of  the  winter  and  moisture  conditions,  and 
the fq  crops  furnish  better  grazing  than  is  needed.    Even  cow  nursing 
calves  fatten  excessively  on  such  pastures*   grazing  cows  on  such^ 
pastures  for  limited  period?  of  2  to  t  hours  daily  and  feeding  harvested 
roughage  for  the  remainder  of  the  daily  ration  can  be  economical  and 
highly  satisfactory. 

If  you  live  in  the  South;  you  can  seed  ^rimeon  clover  in  permanent 
sods  to  increase  forage  production  in  late  winter^ and  early  spring  and 
obtain  excellent  feed  for  cows  and  calves  i    The  reseeding  type  of  crimson 
clover  eliminates  the  work  involved  in  an  annual/ seeding^ 


CARINA  FOR  COW  AT  PARTURITION 

The  average  gestation  period  of  the  cow  is  about  283  days;  or  about 
9f  months.    A  variation  of  as  much  as  10  days  either  way  from  the  average 
gestation  length  is  not  unusual* 
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As  parturition  approaches^  the  udder  becomes  distended  with  milk 
and  there  is  a  marked  "loosening"  or  falling  away  in  the  region  of  the 
tailhead  and  pinbones.    The  vulva  swells  and  enlarges  considerably; 

When  cows  calve  during  the  grazing  season^  a  clean  pasture  is  the 
best  place  for  calving.    Chance  of  infection  and  injury  is  less  than 
in  a  barn.    Often,  you  can  segregate  cows  expected  to  calve  in  a  small 
pasture  hear  the  farmhouse  where  they  can  be  frequently  observed.  If 
this  is  hot  possible,  check  the  pasture  at  least  twice  daily  during 
the  calving  season. 

If  you  expect  a  cow  to  calve  during  severe  weather^  put  her  in  a  _ 
clean,  well-ventilated  box  stall  that  has  been  disinfected  or  In  a  small 
pasture  with  underbrush  or  protected  shelter,    dows  in  large  herds  x 
normally  calve  without  any  change  in  ration.    If  you  can  provide  indiv- 
idual care^  reduce  the  daily  rati oh  as  calving  approaches  and  incorporate 
into  the  diet  some  mildly  laxative  feeds  such  as  linseed  meal  or  bran 
mash.    This  is  helpful  if  the  cows  are  on  dry  feed.    Silage  or  other 
succulent  feed  is  valuable  at  this  time.    However,  cows  getting  only 
high-quality  dry  roughage  usually  get  along  well  at  calving  time; 

Most  cows  will  calve  normally  without  as  si  stance.    Be  alert  for 
signs  of  trouble  and  assist  or  call  trained  help  if  heeded.    If  the 
cow  has  severe  labor  for  more  than  1  to  2  hours  without  result, 
assistance  usually  is  needed^ 

If  the  calf  does  not  immediately  begin  breathing  when  it  is  bom, 
wipe  out  any  mucus  in  its  mouth  or  nostrils.    Induce  natural  breathing 
either  by  forcing  air  into  the  lungs  with  a  bellows  or  by  alternate 
compression  and  relaxation  of  the  walls  of  the  chest. 

In  cold  weather,  protect  the  calf  and  keep  it  warm  until  it  is 
dry  and  on  its  feet.    Disinfect  the  navel  of  the  newborn  calf  with 
iodine,  as  a  precaution  against  navel  ±11* 

After  the  cow  has  calved,r  give  her  all  the  water  (preferably^ 
lukewarm)  she  desires.    Return  ration  to  normal  in  a  few  days.  If 
the  cow  is  an  exceptional  milk  producer,  she  may  have  more  milk  than 
the  calf  can  take  the  first  few  days.    Milking  out  the  surplus  milk  for 
a  few  days  may  make  the  cow  more  comfortable.    Hove^er,  many  cattlemen 
in  recent  years  have  adopted  the  practice  of  milking  only  when  the  calf 
fails  to  nurse  one  or  more  teats.    The  milk  output  quickly  adjusts  to 
what  the  calf  can  take.    Failing  to  remove  excess  milk  does  not  increase 
the  frequency  of  spoiled  udders • 
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AGE  AT  WHICH  TO  BREED  HEIFERS 


If  calves  are  to  be  dropped  in  a  herd  at  oriiy  one  season  of  the 
year,  the  owner  must  decide  whether  to  breed,  heifers  to  calve  first 
as  2-year-olds  or  3 -year-olds.    At  present  no  general  recommendation 
can  be  made • 

Several  experiments  have  been  carried  out  on  this  problem.  It 
has  been  found  that  heifers  bred  to  calve  first  as  2-year-blds  will 
raise  an  average  of  approximately  0.7  more  calves  during  their  lives 
than  heifers  bred  to  calve  first  as  3-year-olds.    Mature  size  is  affected 
little  if  at  ail  and  length  of  productive  life  apparently  is  not  reduced. 

Disadvantages  of  calving  first  at  2  years  of  age  are: 

1.  Heifers  raise  a  smaller  calf  crop  in  their  first  calving 
season  than  if  bred  to  calve  first  at  3. 

2.  A  higher _  than  average  number  of  heifers  calving  at  2 
often  fail  to  rebreed  to  calve  the  next  year* 

3*    A  high  number  (about  $0  percent  in  one  survey)  of  heifers 
require  help  at  calvihg. 

U.    Death  losses  may  be  higher  than  averages 

5#    Calf  losses  usually  are  higher  than  average. 

The  importance  of  these  disadvantages  has  varied  from  experiment 
to  experiment--±h  some  cases,  results  have  been  so  bad  as  to  discourage 
the  practice. 

j_      It  would  appear  that  breeding  to  calve  first  at  2  *is  profitable 
and  is  to  be  encouraged  if  (l)  heifers  can  be  grown  rapidly  and  weigh 
600  pounds  or  more  at  breeding,  and  (2)  experienced  help  will  be 
available  at  calving  time  and  will  have  the  necessary  time  to  give  - 
special  attention  to  the  heifers.    Breeding  heifers  to  small,  fine- 
boned  bulls  will  minimj  ze  calving  troubles  but  if  this  is  done  all  the 
resulting  calves  shoulc  be  marketed.    This  usually  is  hot  feasible  in 
small  farm  herds  where  only  brie  bull  is  used  annually. 
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SEASONAL  CALVING 


In  many  farm  beef  herds," the  bull  is  allowed  to  run  with  the  cow 
herd  the  year  around  with  the  result  that  calves  of  all  ages  are  oh 
hand •  9 

Although  this  system  may  result  in  more  calves  being  raised  over 
a  period  of  years,  if  your  herd  is  small  it  usually  is  preferable  to 
limit  breeding  to  a  season  of  2  to  U  months.    If  you  limit  breeding 
to  a  short  period,  you  can  choose  the  most  favorable  season  for 
calving  for  your  area.    This  system  facilitates  uniform  and  systematic 
management  of  the  calves.    If  your  herd  is  large,  systematic  calving 
at  two  seasons  a  year  may  be  desirable  and  may  increase  calving 
percentages  slightly  since  cows  failing  to  settle,  in  one  season  can 
be  bred  in  the  next*    You  can  breed  heifers  to  calve  first  at  about 
2}  years  of  age,  which  may  be  preferable  to  either  2  or  3  years. 

Most  beef  j:alye^are  dropped  in  the  spring.  If  weather  is  suit- 
able, have  calves  born  6  weeks  to  3  months  before  pasture  season  begins 
so  that  the  calf  is  large  enough  to  use  the  increased  milk  flow  when_ 
tiie  dam  goes  to  pasture.    Because  it  usually  is  necessary  to  wean  calve 
at  the  end  of  the  pasture  season  in  the  fall, _having  them  born  fairly 
eariy  in  the  spring  will  result  in  older,  heavier,  and  more  valuable 
calves  at  weaning. 

Fall  calyirig  requires  more  harvested  feed  for  the  cow  herd,  In 

the  North*  fall  calves  seldom  do  as  well  as  calv^p  born  in  the  spring; 
fall  calving,  therefore,  is  Justified  only  under  special  circumstances. 
In  the  South  late_ fall  or  early  winter  calving  often  is  desirable 
because  of  the  relative  freedom  from  screwworms  at  this  season.  local 
circumstances  and  feed  supplies  should  determine  the  time  of  the  breed- 
ing season. 

CREEP  FEEDING  CALVES  1 


Creep  feeding  is  feeding  concentrates  to  nursing  calves  in 
enclosures  chat  their  dams  cannot  enter* 

Giving  80-  to  9b-day-oid  nursing  calves  access  to  a  concentrate 
mixture  in  a  creep  placed  in  the  pasture  where  shade  and  water  are 
available  arid  where  cows  gather  usually  increases  gains  and  the  amount 
of  finish  carried  at  weaning. 
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 Whether  creep  feeding  will  be  profitaoie  depends  on  the  system  of 

management  and,  to  some  extent,  on  the  milk-prdducihg  ability  of  the 
danpi    Calves  from  dams  with  good  bfed-iri  milk-prbQuci-^  ability  get 
little  benefit  from  creep, feeding.    Creep  feeding  often  must  be  resorted 
to  in  drought  years  when  feed  supplies  for  cows  are  short  and  their 
milk  production  is  reduced* 

Since  milk  is  high  in  protein,  grain  alone  is  a  satisfactory  creep 
feed.    Feed  grain,  whblej  cracked*. or  coarsely  ground*    Often,  adding 
a  small  proportion  of  protein  supplement  (l  part  of  supplement  to  5  to 
9  parts  6r  coarsely  grcund  grain)  will  improve  paiatati: itv.  Calves  eat 
an  average  of  about  ?00  pounds  of  feed  if  they  have  free  access  to 
creeps  after  they  are  about  90  days  old*    The  amount  eaten  varies  greatly 
from  herd  to  herd,  however. 

Creep  feeding  often  will  pay  (l)^n  purebred  herds  where  the  finish 
that  calves  exhibit  at  weaning  may  have  advertising  value,  (2)  in 
commercial  herds  when  the  calves  are  to  be  marketed  at  or  soon  after 
weaning  as  fat  baby  beeves,  and         during ^drought  or  other  emergency. 

Creep  feeding  ordinarily  will  not  pay  if  calves  are  to  be  carried 
through  a  winter  on  limited  rations  prior  to  grazing  for  one  or  mora 
seasons  before  marketing* 


CALVZS  FRQ,'  DUAL-PURPOSE  COWS 

* 

Calves  from  dual-purpose  cows  formerly  made  up  'a  substantial 
proportion  of  the  Nation's  beef  supply.    Raising  calves  from  dual- 
purpose  cows  is  not  likely  to  be  profitable  unless  unpaid  family 
labor  is  available;    They  usually  are  raised  by  one  of  two  systems. 
With  the  double -nursing  system,  2  calves  of  about  the  same  age  are 
suckled  by  1  cow.    The  calves  get  along  nearly  as  well  as  wnen  they 
run  with  their  own  mothers  in  a  strictly  beef  herd,,  although  consid- 
erably more  labor  is  involved.    W.'th  this  plan*  half  of  the  cows  in 
the  herd  may  be  used  for  the  production  of  milk. 

With  the  other  system,  calves  are  taken  from  their  dams  on. the 
fourth  or  fifth  day  after  birth  arid  bucket  fed. 

To  teach  a  calf  to  drink  milk,  fir3t  permit  the  calf  to  suck 
your  fingers  and  then  immediately  immerse  your  fingers  in  a  bucket 
of  milk.    WTheri  the  calf  begins  to  take  the  milk  in  this  way,  *  withdraw 
your  Hand  from  the  bucket.     3uckets  with  rubber  nipples  often  are 
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used.    This  elimi nates  having  to  teach  the  caif  to  drink*    After  each 
feeding,  clean  and  disinfect  backets  and  o^her  utensils,    tJse  a 
chlorine  solution  or  a  similar  disinfectants 

Three  or  four  pounds  of  whole  milk  are  enough  for  a  day  or  two 
after  weaning •    If  the  calf  refuser  to  drink,  do  not  force  it j  take 
the  milk  away.    Twelve  hours  later,  at  the  next  feeding  time,  the 
calf  probably will,  take  milfe*    Increase  the  quantity  by  about  a  pound 
a  day  until  the  calf  is  getting  8  to  TO  pounds  a  day* 

After  feeding  whole  milk  for  10  days  to  2  weeks,  gradually  replace 
it  with  skim  milk*    Hake  the  change  over  a  period  of  5  to  7  days.  Skiia 
milk  contains  less  eher©'  and  less  vitamin  A  than  whole  milk.    Feed  a 
Snail  quantity  of  cod-liver  oil  or  .other  fish  oil  rich  in_ vitamin  A. 
If  you  have  enough  skim  milk^_ increase  the  amount  gradually  each  week 
until  you  are  feeding  15  to  20  pounds  per  calf  per  day*    If  you  want 
to  conserve  the  milk  supply^  12  to  lh  pounds  will  be  enough,  provided 
yju  feed  the  calves  enough  suitable  grain  mixture j  a  protein  supplement, 
and  good  hays 

Stop  feeding  cod-liver  oil  or  other  source  of  ^tawin A  if ter 
calves  begin  to  eat  hay,  silage,  or  grass,  provided  the  bay  is  green 

and  leafy  or  the  silage  or  grass  has  some  green  color*    3e  sure  the  

calves  have  access  to  clean,  fresh  water  and  salt  *t  all  t fanes i  Calves 
readily  learn  to  eat  grain  and  should  receive  a  limited  amount  each  day 
from  the  time  they  are  about  3  weeks  old*    Equal  parts,  by  weight,  of 
wheat  bran,  ground  oats,  and  coarsely  ground  corn  or  barley  is  a  suit- 
able grain  mixture. 

As  soon  as  possible  j>  put  the  calves  on  pasture*    If  pasture  is  not 
available  whsh  calves  are  about  a  nohto  bid,  cut  and  f feed  some  growing 
crop  or  give  them  a  small  quantity  of  silage  or  carrots.    Feed  calves 
running  oh  green  pasture  or  confined  in  a  lot  or  corral  a  little  cleans 
bright  hay  from  a  rack. 

WEANING  CALvxiS 


Wean  calves  that  have  been  running  with  their  dam3  on  pasture  by 
taking  them  away  from  the  cows  and  confining  them  in  a  pen  «»r  bam  out 
of  sight  of  their  dams  and  other  cattle*    Preferably ,  they  should  be 
far  enough  away  from  their  dams  to  be  but  of  hearing  distance,  but  this 
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is  difficult  bri  moat  small  farms i    Offer  the  calves  some  good  hay  and 
a  small  amount  of  grain  during  this  period.    Unless  they  were  creep 
fed,  they  will  eat  little  for  a  few  daysi 

?^_^?rrn?riy_was  recommended  that  calves  being  weaned  be  put  back 
with  their  dams  to  nurse  at  increasingly  less  frequent  intervals  over 
a  period  of  about  2  weeks.     It  was  felt  that  this  was  necessary  to 
prevent  spoiled  udders  in  co;s  and  that  it  was  less  disturbing  to  the 
calf. 

*£ 

It  now  is  knbwti,  however,  that  the  safest  and  most  effective  method 
of  drying  off  even  high-producing  dairy  cows  is  to  quit  withdrawing  the 
milk*    The  pressure  built  up  stops  further  secretion.    It  is  believed 
that  both  the  dams  and  the.  calves  will  be  better  off  if  the  calves  are 
taken  away   \h<*  not  put  oack  with  the  cows. 

Weaning  bucket-fed  calves  is  comparatively  simple.    Milk  usually 
ic  wlfchd-rawh  from  the  ration  by  the  time  they  are  6  to  7  months  old* 
If  they  haya  learned  to  eat  hay  and  grain,  the  quantity  of  milk  fed 
r.ay  be  greatly  reduced  or  eliminated  several  weeks  earlier  without 
stunting  the  calves^ 

DEHORNING  AND  CASTRATING 


In  commercial  herds,  and  often  in  purebred  herds,  it  is  advisable 
to  dehorn  calves  of  horned  breeds.    This  can  be  done  most  easily  before 
the  calves  are  3  weeks  old.    At  that  age,  the  tender  horn  "buttons 11 
first  appear.    Scrape  them  with  a  krife  to  irritate  the  surface ; 
Prevent  horn  growth  by  carefully  applying  the  slightly  moist  tip  of 
a  caustic  pencil  (stick  of  potassium  hydroxide).    The  caustic  causes 
a  scab  to  form  on  the  irritated  area.    After  a  few  days,  the  scab 
shrivels  and  falls  off,  leaving  a  hornless  or  "polled"  head* 


Commercial  liquid  and  paste  preparations  may  be  easier  for  many 
people  to  use  than  the  caustic  sticks.    Young  calves  also  can  be 
dehorned  by  applying  a  heated  iron  to  the  base  of  the  horn  button. 
Electrically  heated  irbrisJ  are  convenient  and  satisfactory  for  use  on 
many  farms. 

Male  calves  must  be  castrated  to  produce  beef  meeting  American 
market  requirements.    Perform  the  operation  preferably  at  a  time  of 

year  wr.eri  flies  are  not  prevalent  and  before  the  calves  are  3  to  U  

months  bid.    Some  cattlemen  castrate  calves  when  taking  birth  weights. 
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Spaying  of  heifers  seldom  is  practiced  in  fam  herds.  Contrary 
to  the  former  belief,  spayed  heifers  actually  make  slower  gains  and 
have  no  carcass  superior! ty;    Heifers  should  be  spayed  only  on  farms 
where  they  are  being  fattened  and  it  is  iinpossible  to  keep  them 
separatee  from  bulls. * 


SALT  AND  OTHER  MINERAL  REQUIREMENTS 

At  all  times,  supply  stock  with  clears  fresh  water_ahd  loose  or 
block  salt.    On  the  average*  cattle  will  consume  about  2  pounds  of 
salt  a  month — less  for  calves  and  more  for  steers  on  full  feed  and 
mature  cowsi 

Requirements  of  cattlfc^f or  others  minerals  vary  from  area  to  area 
and  with  the  type  of  ration.    Consult  your  county  agricultural  agent 
about  probable  needs  in  your  area.  ^ 

In  some  parts  of  the  country i  iodine  is  deficient.    This  deficiency 
leads  to  goiter  or  "big  neck"  in  newborn  calves^    In  these  areas  iodized 
salt  should  be  fed.     In  other  areas  cobalt*  copper,  iron,  and  possibly 
other  trace  minerals  are  known  to  be  deficient.    These  should  be  supplied 

Calcium  often  will  be  needed  if  beef  cattle  are  not  fed  legumes  or 

if  the  pasture  i|_low  in  calcium.    Phosphorus  is  deficient  in  the  soil  

in  many  areas. ■  Plants  grown  on  these  soils  also  are  low  in  this  element. 
Low-quality  roughage,  and  mature,  weather  hay  and  grasses  that  are  low 
in  protein  and  carotene  also  are  likely  to  be  low  in  phosphorus. 

Ground  limestone  usually  is  the  cheapest  calcium  supplement . 
Phosphorus  may  be  supplied  in  the  form  of  steamed  bonemeal,  dicalcium 
phosphate,  or  def luorinated  phosphates.    Supplements  should  be  fed  as 
required  ih  specific  localities.    Both  calcium  and  phosphorus  supplements 
usually  arc  fed  in  mixtures  with  salt. 

FEEDING  CATTLTC  FOR  MARKET 

Many  farmers  with  beef  herds  find  it  practicable  to  fatten  the 
calves  raised.    The  system  used  may  be  immediate  full-feeding  on  _ 
heavy  concentrate  rations.    An  increasingly  pooular  system  of  handling 
farm-raised  steers,  however,  is  to  winter  them  at  moderate  nutritional 
levels  the  first  winter,  graze  them  a  season,  and  then  full  feed  them 

for  60  to  100  days  just  prior  to  marketing.  This  system  permits 

marketing  lR-  to  20-month-old  steers  at  approximately  1,000  pounds 
that  grade  in  the  Jjigh-good  to  low-choice  range.     Heifers  can  be 
handled  under  either  system  but  ordinariiv   should  be  marketed  at 
lighter  weights  than  steers  since  they  fatten  more  rapidly. 
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MILK  GOATS 


PRESENT  STATUS  OF  THE  INDUSTRY 


Goats  are  especially  useful  to  those  who  need  a  small  quantity  of 
milk  and  do  not  have  the  room  or  cannot  afford  to  keep  a  cow*    A  goat 
can  be  kept  where  it  is  impossible  to  keep  a  cow,  and  the  goat  will 
consume  considerable  feed  that  otherwise  would  be  wasted*    The  raising 
of  goats  is  not  limited  to  family  use,  however;  many  commercial  dairies 
have  be^n  established  successfully  in  areas  where  markets  for  the  milk 
are  favorable*    The  fact  that  goats  are  rarely  affected  with  tuberculosis 
is  anot her  point  in  their  favor*    Milk  goats  are  exceptionally  clear, 
animals  and  are  more  fastidious  in  eating  habits  than  any  other  type  of 
domestic  animals. 


GOAT'S  MLK 

Yield  *'  • 


_   About  the  first  question  that  most  people  ask  concerning  milk 

goats  is,  "How  much  milk  will  one. produce?"    This  is  important,  of 
course,  as  the  value  of  a  <Joe  is  estimated  largely  by  her  milk  pro- 
duction*   Even  if  a  doe  is  purebred,  she  is  of  little  value  from  the 
utility  standpoint  unless  she  is  capable  of  giving  a  good  quantity  of 
milk*    Majqy  persons,  in  purchasing  grade  or  even  purebred  goats,  have 
been  disappointed  to  find  that  the  milk  could  be  measured  in  pints  and 
not  quarts  or  gallons,  as  expected* 

 doe  that  produces  1,000  pounds  or  about  500  quarts  of  milk  (1 

quart  equals  2*l£  pounds)  during  a  lactation  period  of  10  months  is 
considered  a  fair  milker*    A  production  of  i',200  pounds  of  milk  is 
good,  and  1,600  pounds  and  up  is  excellent  provided  it  is  produced  in 
a  lactation  period  of  10  months  or  less*    Good  does  will  produce  8  to 
10  months  in  a  year  and  from  8  to  1$  times  their  weight  in  milk  in  a 
Lactation  period.    Production  records  of  some  of  the  outstanding  does 
in  this  country,  together  with  records  of  some  of  the  animals  in  the 
Department's  herd,  will  be  noted  in  the  sections  dealing  with  their 
particular  breeds. 
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Characteristics 


Goat's  milk_is  nearly  always  pure  white  in  color.  The  small  size 
of  the  tat  globules  and  the  soft  curd  are  two  of  its  chief  characteris- 
tics* The  cream  rises  very  slowly  and  never  so  thoroughly  as  in  cow's 
mrlki  This  condition  makes  impraticable  the  ordinary  method  of  allow- 
ing cream  to  rise.  It  has  beet)  stated  that  goaVs  milk  will  not  keep 
sweet  so  long  as  cow's  milk,  but  tests  have  shown  that  this  is  not  the 
case,  The  keeping  quality  of  any  milk  depends  on  the  conditions  under 
which  it  is  produced  and  handled. 

In  tests  m#de_ by  the  Department  of  Agriculture  it  was  found  that 
goat's  milk  could  be  thoroughly  separated  in  a  separators    After  milk 
testing  luU  percent  of  fat  was  run  through  the  separator,  the  milk 
then  tested  only  0,03  percent  of  fat. 


Composition  and  Nutritive  Properties 


Goat's  milk  is  a  healthful  and  nutritious  food.    The  milk  of 
Saanen  and  Toggenburg  goats  resembles  that  of  Holstein  cows  in  per- 
centage of  water,  lactose,  fat,  protein,  and  ash,  although  subject  to 
greater  variation  with  the  advance  of  lactation  than  milk  of  either 
T>oisteln  or  Jersey  cows  Stable  l).    The  j>ercentage  of  total  solids  in 
poat's  milk  ranged  from  13.05  in  February  to  10.78  in  August. 

The  small  fat  rlobulesand  the  soft  curd  of  goat's  milk  contribute 
to  its  ease  of  digestibility.    Some  persons  who  pre  allergic  to  cow's 
milk  can  consume  goat's  milk  readil^,  due  largely  perhaps  to  its  easier 
digestibility.    In  a  great  many  cases  goat's  milk  has  proved  especially 
valuable  for  infants  and  invalids. 

Tfte__U,S.  Department  of  Agriculture  in  c  oo^ration  with  Johns  _ 
Hopkins  University* conducted  a  series  of  studies  on  the  nutritional 
properties  of  goat's  milk  as  compared  with  those  of  the  mil&  of  Hbl- 
stein-Friesian  and  of  Jersey  cows.    Under  the  supervision  of  the 
University,  normal  infants  were  fed  milk  from  the  three  sources.  The 
milk  was  boiled  for  1  minute  and  supplemented  with  orange  Juice  and 
cod  liver  oil.    No  essential  differences  in  health,  general  appearance, 
and  well-being  of  the  inf^Fts  were  observed,  rood  results  being  obtained 
With  each  milk.    The  gains  in  weight  were  in  proportion  to  the  total 
nutritive  content  of  the  milk.    In  these  studies,  no  attempt  was  made 
to  use  babies  with  a  history  of  malnutrition. 
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TABIE  I*— Comparison  of^the  composition  of  goat* a  milk  and  that  of 
two  common  breeds  of  dairy  cows. 


Total 

Source  of  niik 

Water 

solids 

Fat 

Protein 

Lactose 

Ash 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Goats 

66i02 

11.98 

3.50 

3il3 

U.55 

0s80 

Hoistein  -Frle  si  an 

87.50 

12.50 

3.55 

3.k2 

Jersey 

J5i3i 

lh.$9 

5.W 

3*86 

h*9h 

.70 

In^ne^f  a  seri.es  of  nutrition  studies_in  Permsyivania _and  Texas ^ 
a  preiimtnary  investigation  was  nade  of  the  value  of_goat^s  raiik  in 
the  diet  of  growing  children,    this  work  has  been  summarized  as  follows: 

    _  v 

.v...     "in  an  institutional  nutritional  to^st^ation,  JSj^Wbnsn  ate 
the  sare  basic  dietary,  with  the  children  divided into  two  equal  groups, 
each  consisting  of  19  children  (10  girls  and  9  boys).    One  of  tte  groups 
drank  1  quart  of  goatfs  milk  and  the  other  1  quart  of  cow's  milk  daily, 
in  the  5 -month  study. 

■Wurarbus  TOdicalniutrition  obsei^ations  and  tests  were  made  on 
the  children  before  the  study  began  and  at  its  close. 

"(1)  The  children  who  drank  goatfs  milk  sui^ssed  those  who  drank 
cowfs  milk  to  an  extent  tfhich  was  statistically  significant  in  the 
following  respects:    (a)  Weight  for  the  sex agej  body  size >  and  body 
buildj  (b)  skeletal  mineraiizatioii,  or  bone  density;^  (c)  blood  plasma 
vitamin  Aj  (d)  blood  serum  calcium;  (e)  urtoary  excretion  of  thiamine 
or  vitamin  B^j  (f)  urinary  excretion  of  riboflavin,  or  vitamin  and 
(g)  urinary  excretion  of  F?>  a  fluorescent  substance  related  to  niacin* 

M(2)_The  group  of  children  who^drank  ^qwfs  mtik  exceeded  the 
goat1  s -milk  group  by  an  extent  which  was  stattsttcaHy  significant  in 
growth,  although  bothr  groups  made  excellent  growth  progress. 

"(3)  The  gbat's-mLlk  group  tended  to  exceed  the  otaer  Jroup  in  the_ 
following  respects,  although  the-dif^rencej^between  tdiejtwo  groups  jfere 
hot  statistically  significant:    (a)  Skin  dryness  as  observed  bioratcro- 
scopicallyj  (b)  hemoglobin  concentration  in  toe  blood;  (c)  total  protein 
in  the  blood  serum;  (d)  reflex  action;  (e)  overall  score  by  the  medical 
examiner. 
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"(U)  The  two  groups  showed  no  difference  in  their  progress  from 
the  initial  to  the  final  test  in  the  following j     (a)  Sice  total ;  naturity 
(b)  condition  of  the  conjunctiva,  or  normally  transparent  covering  of 
the  eyeball;  (cl  corneal  vascularization}  (d)  condition of  the  tongue j 
(e)  condition  of  the  gums;  (f)  condition  of  the  skin  except  for  unusua; 
dryness  (see  above);  (g)  red  cell  countj  (h)  packed  cell  volume;  (i) 
leucocyte  or  white. cell  count |  (j)  differential  cell  countj  (k)  blood 
plasma  carotene;, (l)  blood  plasma  vitamin  Cj  (m)  protein  fractions  in 
the  blood;   (n)  blood  serum  phosphorus;   (o)  functioning  of  the  heart; 
and  (p)  resistance  to  fatigue • 

"This  5 -month  study  must  be  regarded  as  preiiMnary.    Whereas  the 
results  of  this  study  are  strongly  indicative  of  the  fact  that  goaV's 
milk  has  sotib  e-rperior  qualities,  the  work  should  be  extended  before 
final  conclusions  are  drawn." 


GOAT1 S -MILK  PRODUCTS 


Goat's  ndlk  can  be  utilized  for  the  same  purposes  as  cow's  milk* 
although  for  some  it  is  not  nearly  so  well  suited.  For  general  use, 
such  as  drinking  or  cooking,  the  milk  has  proved  to  be  very  satisfacto: 
Where  a  market  exists  for  fluid  milk  this  is  by  far  the  most  profitable 
Goat 1 s  milk  is  less  satisfactory  than  cow's  milk  for  making  butter,  bul 
large  quantities  of  goat's-milk  cheese  are  manufactured,  especially  in 
Europe • 

The  milk  of  sorre  of  the  largest  herds  in  the  country  is  evaporatec 
and  sold  in  that  form.    Goat's  milk  frequently  may  be  purchased  at 
drug  or  he a 1th -food  stores  in  evaporated,  dehydrated,  or  powder  form* 


Butter 


Good  butter  can  be  made  from  goat's  milk,  but  ordinarily  very 
little  is  produced.    The  cream  rises  _very  slowly,  and  only  a  portion 
of  it  reaches  the  top.    By.  the  use  of  the  separator,  however,  prac- 
tically ail  the  butterfat  can  be  obtained.    Unless  artificially  coiorec 
the  butter  is  very  white  and  resembles  lard  in  appearance.    If  colored, 
it  resembles  cow's  butter,  although  it  does  not  have  the  same  texture. 
It  can  be  used  for  the  table  or  for  cooking.    A  good  quality  of  butter 
with  no  objectionable  features  is  produced  when  the  milk  and  creamers 
properly  handled.    However,  when  a  good  price  is  obtained  for  the  milk, 
it  does  not  pay  to  make  butter,  as  cow's  butter  is  chaapar. 
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Cheese 


Several  varieties  of  cheesy  fchowh_ under  various  harres^  are  made 
from  goat's  milk.    In  France,  sbat's-milk  cheese  is. called  Chevret, 
or  Che vro tin j  in  Italy,  Formaggio  di  Capraj  and  in  Germany,  tfeichklse 
aus  ZiegermtLlch  (soft  cheese  from  goat's  milk}*    Gbat's-miik  cheese 
has  a  characteristic  and  individual  flavor  all  its  own,  depending  on 
the  process  and  cultures  used.    The  products  closely  resemble  cow's 
milk  cheeses  made  by  the  same  processes.    The  cheese  may  be  made  either 
entirely  of  goat's  milk  or,  better  with  from  one -fourth  to  one-third 
cow's  milk-  the  mixture  materially  improves  the  quality  of  the  product* 

Hard  cheese  may  be  made  by  the  following  method:     "A  junket  tablet 
is  dissolved  in  \  cupful  of  cold  water  and  stirred  into  a  gallon  of 
milk  which  has  been  heated  to  88°F.    After  30  minutes  the  curd  is  cut 
into  cubes  about  1  inch  in  diameter.    For  this  purpose  a  large  knife 
is  used  and  after  cutting  in  two  directions  vertically  a  horizontal 
cutting  is  made  to  complete  the  cubes  •    Sometimes  it  is  convenient  to 
make  the  horizontal  cuttings  with  a  bent  wire. 

"The  container  with  the  curd  is  placed  in  a  pan  of  water  at  100° 
F.__ This  .temperature. is  maintained  so  that  the  temperature  of  the  curd 
will  be  98°F4  after  1  hour.    The  curd  is  stirred  frequently  while  being 
heated.    In  from  3D  minute s  to  1  hour  after  heating,  the  curd  is  poured 
with  the  whey  into  a  muslin  bag.    After  2  or  3  hours  the  curd  can  be 
removed  and  placed  ir>  a  mold  formed  by  rolling  the  cheese  in  a  small 
square  piece  of  muslin.    This  cheese  ball  is  then  placed  in  the  container 
(a  cylinder),  using  an  inverted  plate  as  a  false  bottom*    Another  plat- 
is  placed  on  top  of  the  cheese.    This  is  weighed  down* 

"After  2  b  hours. the  cheese  is  removed  from  the  muslin  cloth  and 
rubbed  in  salt.    It  is  rubbed  in  salt  again  the  following  day.  These 
cheeses  can  then  be  stored  in  a  cool  place  and  rubbed  daily  for  a  week 
to  prevent  mold  growth  and  to  get  a  good  rind  formation •    This  cheese 
is  ready  ;for  eating  when  10  days  old*    If  the  cheese  cracks  while  it 
is  curing,  its  surface  can  be  rubbed  with  a  neutral  oil  or  butter*" 

Cottage  cheese  may  also  be  made  from  goat's  milk.    By  one  method 
"Skim  milk  is  held  at  a  temperature  of  about  75rF.  until  it  develops 
a  firm  curd.    When  this  curd  is  sufficiently  firm,  it  is  cut  into 
pieces  about  2  inches  square  with  a  long  knife  or  large  spoon.  Then, 
the  vessel  containing  the  broken  curd  is  placed  on  the  edge  of  the 
stove  or  in  a  vessel  of  water,  and  heated  very  slowly  to  100°F.  The 
mass  is  kept  at  that  temperature  for  about  US  minutes  to  firm  the  curd. 
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During  the  heating  and  holding  period  the  curd  is  stirred  gently  with 
a  spoon  or  ladle  to  prevent  it  from  lumping  and  to  secure  uniform  heat- 
ing.  When  it  is  sufficiently  firm  so  that  the  pieces  yield  no  milky 
whey  and  do  not  bind  together  when  gently  squeezed  in  the  hand,  the 
curd  is  poured  into  a  porous  sack  or  a  colander  to  drain.    The  flavor 
and  the  keeping  quality  of  the  cheese  will  be  improved  if  the  curd  is 
washed  in  cold  water  when  the  draining  is  practically  complete  •  After 
this  wash  has  been  thoroughly  drained  from  the  curd,  about  1  teaspoonful 
of  salt  is  added  for  each  pound  of  cheese,  is  mixed  in  well,  and  the 
product  is  stored  in  a  cool  piacs." 


C  OAF  DAIRIES 


Numerous  goat  dairies  are  in  operation  in  different  parts  of  the 
country.    These  dairies  have  been  established  both -for  the  production 
of  milk  and  the  manufacture  of  milk  products.    One  of  the  largest  goat 
dairies  in  tte  country  is  devoted  to  the  manufacture  of  condensed  milk. 
If  only  a  few  goats  are  kept  it  is  not  necessaiy  to  have  much  equipment, 
but  if  a  considerable  number  of  does  are  milked  it  is  best  to  have  the 
proper  equipront  for  handling  the  work  advantageously.    This  does  not 
imari,  however,  that  expensive  buildings  must  be  provided.    Any  clean, 
dry  quarters  free  from  drafts  may  be  used.    The  building  should  have 
proper  ventilation  and  an  abundance  of  light,  and  be  so  arranged  that 
each  goat  can  be  fed  and  handled  properly* 
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Fifii'iik  1— Plan  of  a  practical  ffoai  tYdVry. 


Figures  1  and  2  illustrate  a  practical  bo.-t  uaiiy  and_show  the 
requirements  necessaiy  to  handle  a  medium-sized  herd  satisfactorily. 
There  are  pens  in  which  the  does  may  be  handlad  together,  and  stalls 
in  which  they  can  be  ted  individually.    If  the  goats  are  provided  with 
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leather  collars  or  neck  chains,  they  can  be  tied  to  the  gangers  in  the 
stalls  by  means  of  a  short  rope  or  chain  with  a  snap  on  the  end  which 
fastens  to  tte  ring  on  the  collar. 

At  kidding  time  small  temporary  pens  can  easily  be  made  by  the 
use  of  hurdles.    After  the  does  have  kidded  thny  should  be  transferred 
to  the  stalls.    Until  the  kids  are  at  least  a  month  bid  they  should  be 
Ted  and  handled  in  the  temporary  pens* 


•mi  n 

Figure  2. — Left,  side-view  of  single  stall  and  manger;  right,  division  between 
stall  and  manger.  The  opening  allows  the  goat  to  feed  and  prevents  the  waste 
of  ff-ed. 

In  the  plan  (fig.  1)  the  milking  room  is  separated  from  the  main 
room  and  has  a  concrete  floor.    The  walls  and  ceiling  are  plastered  so 
that  they  can  be  washed  with  a  hose.    This  room  is  equipped  with  a 
sink,  milk  scales,  and  ndlking  stand*    The  milk  is  handled  in  another 

room,  equipped  with  a  cooler,  a  sink  and  a  sterilizer.    The  grain  is  

kept  in  feed  bins  at  the  opposite  end  of  the i  dairy-. _  Space  fbr  the  storage 
of  hay  can  be  provided  either  in  sore  nearby  building  or  in  a  now  above 
the  main  dairy  barni 


BREEDING  AND  SELECTION 


The  developnent  of  superior  individuals  or  lines  of breeding  in 
milk  goats  as  with  other  wdmalh;  is  dependent  upon  the  interactions  of 
heredity  and  environment^  Goo<^  breeding  will  develop  outs tanding 
individuals  only  if  the  right  kind  of  feeding  and  management  practices 
are  followed.    Sindiariyj  jthe  best  feed  and  man^ement  possibfe  will 
not  produce  a  desirable  type  of  goat  with  high  milk  and  butterfat  yields 
unless  the  individuals  carry  the  breeding  for  these  characteristics* 

Improvement  in  goats  is  brought  about  chiefly  through  hereditary 
factors  transmitted  throt^h  tiie  germ  c^s*    Effort*  there  ft 
be  concentrated  toward  iig)rovement  by  so  mating  the  animals  as  to  recbm- 
bine  these  factors  in  more  desirable  forma.    The  various  reTO^ihatiohfl^ 
which  may  take  place  are  the  hope  and_despair  of  a«Ln»l  breeders.  With- 
out such  variations,  there  is  no  opportunity  for  improvement;  with  them 
there  is  no  assurance  of  fixing  a  type  without  constantly  selecting 
animals  with  desirable  characters  and  discarding  those  with  undesirable 
ones. 
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J*hrough  selection,  the  goat  breeder  has  the  reans  of  controlling  the 
inheritance  of  his  animals;    He  can  decide  which  of  his  animals  shall 
have  many  offspring,  whidi  shall  have  ffew,  and  which  shall  have  none i« 
As  a  guide  in  estimating  whether  an  animal  has  the  hereditary  factors 
that  will  enable  it  to  approach  the  desired  ideal,  certain  procedures 
are  of  value  and  should  be  used  in  practical  breeding;  Individuality, 
ancestry,  and  performance  must  all^  be  taken  into  account;    Each  has  its 
value  or  its  limitations,  and  no  single  formula  for  the  amount  of  atten- 
tion to  give  to  each  can  be  generally  prescribed. 


Selection  of  the  Buck 


The  buck  is  usually  considered  half  the  herd  and,  in  order  to  make 
progress  in  breeding,  care  should  be  exercised  in  making  this  selection. 
As  good  bucks  are  scarce,  it  is  not  always  possible  to  get  the  type 
desired,  but  the  b?at  obtainable  should  be  procured  even  if  the  cost  is 
a  little  greater.    Select  a  buck  from  a  good-producing  doe  that  is  a  per- 
sistent milker;    There  is  nothing  more  important  in  the  matter  of  breed- 
ing than  evidence  that  the  entire  family  to  which  the  sire  belongs  is 
especially  good  in  performance  and  in  conformation.    The  success  of  breed- 
ing any  class  of  animals  depends  largely  on  the  selection  of  the  sires. 
The  selection  of  a  single  sire  has  made  many  herds  famous. 

A  buck  should  be  masculine  in  appearance,  of  at  least  medium  size 
for  his  age,  and  of  good  conformation.    As  regards  the  latter,  a  good 
depth  of  body  is  one  of  the  most  important  considerations.    The  mascu- 
linity of  the  buck  can  be  determined  by  the  size  and  conformation  of 
the  head,  amount  of  bone,  and  the  quality  and  length  of  the  hair  on 
various  portions  of  the  body.    The  legs  should  be  straight  and  well 
placed.    Always  select  a  vigorous  buck.    Thinness  is  no  objection  if 
the  buck  is  healthy  and  a  good  feeder.    A -good  buck  is  seldom  in  good 
flesh,  especially  during  the  breeding  season. 

Most  breeders  at  the  present  time  prefer  bucks  that  are  naturally 
hornless.    The  kids  of  such  bucks  are  usually  without  horns;    The  type 
of  doe  to  which  the  buck  is  bred  will,  of  course ,  have  some  influence 
in  this  respect. 

When  only  a  few  does  are  kept,  it  is  cheaper  and  more  convenient 
to  send  them  away  to  be  bred;    A  buck  is  usually  a  trouble  sons  indi- 
vidual, and  must  be  kept  away  from  the  rest  of  the  herd.    The  charges 
made  for  outside  breeding  aie  usually  reasonable  • 

Many  small  breeders  are  compelled  to  use  crossbred  or  grade  bucks; 
in  such  cases  selection  should  be  made  upon  conformation  and  breeding. 
Always  use  purebred  bucks  when  available • 
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Selection  of  the  Doe 


Although  it  is  not  always  ffcssible,  it  israuch  no  re  satisfactory 
in  making  selections  00  see  does  during  their  lactation  period i  This 
not  only  gives  an  opportunity  to  study  their  conformation  when  they  are 
producing,  but  the  udder  ^velx>pmerit,  which  is  so  iirpprtant^  can  be 
better  observed, 

 A  good  doe  should  have  a  feminine  head,  thin  heck,  sharp  withers, 

well-defined  spine  and  hips,  thin  thighs,  and  rather  fine  bone.  The 
skin  should  be  fine  and  thin  over  the  ribs*    She  should  have  good 
digestive  capacity,  as  shown  by  the  spring  of  rib  and  size  of  stomach. 
The  so-called  wedge  shape  of  the  dairy  cow  is  clearly  defined  in  a  good 
milk  doe.    The  constitution,  an  important  item,  is  indicated  by  the 
depth  and  width  of  the  chest.    The  udder  should  be  of  good  size  when 
filled  with  milk  and  very  much  redu^d  when  empty*    A  large  udder  does 
not  always  indicate  a  high  milk  yield  unless  it  is  of  the  so-called 
"genuine"  type.    The  teats  should  be  large  enough  to  make  milking  easyi 

In  selecting  a  doe,  the  first  questions  that  are  naturally  asked 
arej    How  much  milk  will  she  produce  and  how  long  will  she  milk?  While 
some  does  milk  for  only  a  few  months  after  kidding,  others  continue  pro- 
ducing for  8  to  10  months  or  even  longer. 

In  selecting  does,  especially  when  they  are  giving  milk,  avoid  those 
that  are  fleshy;  this  is  a  strong  indication  that  they  are  hot  good  pro- 
ducers.   Select  those  of  the  dairy  conformation. 

Owing  to  the scarcity  of  good  purebred  does  and  the  prices  asked 
for  them,  it  is  much  more  economical  to  begin  a  herd  by  selecting  good 
grade^  doe sj  such  as  are  found  in  many  sections  of  the  country  ,  and 
breeding  them  to  superior  bucks  of  the  leading  breeds.    By  keeping  the 
best  young  stock  and  breeding  them  back  to  good  bucks  selected  for 
h^h  prodacing  offspring,  a  grade  herd  can  be  developed  that  will  out- 
produce purebreds  of  the  quality  rost  breeders  are  willing  to  sell* 
Another  way  is  to  buy  the  best  purebred  doe  kids  that  the  buyer  can 
afford  from  reliable  breeders. 


Methods  of  Breeding 


Since  the  ultiimte  success  of  the  goat  breeder  in  the  i  Approvement 
of  his  animals  depends  not  only  on  his  skill  in  their  selection  but 
upon  the  judicious  mating  of  them  as  well,  it  is  essential  that  he  have 
at  least  a  general  understanding  of  the  systems  of  breeding  used  in  the 
improvement  of  goats  and  other  livestock. 
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Inbreeding  is  the  nstirg  of  animals  which  have  a  closer  relation- 
Sip  to  each  other  thintiie  average  relation 

or  breed  conoenaed.    Only  animals  of  excellent  merit  and ffcw  defects 
Should  be  used  in  such  a  system.    Mating  of  sire  to  daughter^  son  to 
dam,  full  brother  and  sister  are  exaaples  of  this  system.    Animals  re- 
sulting from  such  mating s  are  Sore  likely  to  transmit  their  good 
characteristics  than  animals  which  are  possibly  as  good  intovidraliy 
but  which  have  rest&tedfitSm  outcrossing  or  random  breeding.  Hcweverj 
this  type  of  breeding  also  tends  to  bring  out  recessive  characteristics 
hot  apparent  in  the  parents  which  may  be  undesirable  and  the  breeder 
should  be  quick  to  cull  rigidly  in  order  to  keep  only  the  good 
qualities* 

Llifebreeding  is  mating  animls  so  that  their  ctosoendant^wi  11  be 
kept  closely. related  to  son©  animal  regarded  as  unusually  desirable. 
It  is  accomplished  by  mating  aniaals  that  are  both  closely  related  to 
the  unusually  desirable  ancestor  but  little  if  at  all  related  to  each 
other  through  any  other  ancestor.    Since  both  parents  are  related  to 
the  animal  toward  which  the  linebreeding  is  being  directed,  they  are 
related  to  each  other. 

This  system  is  used  extensively  and  is  recoimended  when  tho 
ancestor  to  which  all  offspring  trace  is  of  special  merit  and  flee 
from  serious  defects*   However,  the  chances  of  getting  inferior  off- 
spring are  too  great  to  employ  it  on  average  stock  in  order  to  avoid 
the  purchase  of  a  new  buck* 

Crossbreeding  is  the^matii^  of  twi  animals  which  are  both  pure- 
bred, but^  belong  to  afferent  breeds.    The  hybrid  vigor  often  results 
in  superior  todivtduala.    These  are  not  usually  satisfactory  as 
breeding  stock  due  to  their  conplex  genetic  inheritance.   Hwrever,  on 
account  of  the  general  dominance  of j?enee  favorable  to  siee,  vigor, 
fertility,  and  production^  goat  raisers  Interested  primarily  in  milk 
production  enpioy  this  system  with  good  results. 

Outcrossing  jis  the  mtihg  of  ahimla  of  the  oamB  breed  but  which 
show  no  relationship  for  at  least  the  first  3  or  U  generations.    It  is 
a  relatively  saft  system  to  use^for  it  is  unlikely  that  tare  unrelated 
aniuals  in  a  breed,  selected  more  or  less  at  random,  will  be  carrying 
the  saiw  undesirable  genes  and  pass  them  along  to  the  offaprli«i 

QredBig  up  is  the  practice  of  using _purebred  sires  of  a  given 
pure  breed  on  native  or  grade  females*    Its  purpdM  is  to  de^alop 
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uniformity and  to  increase  productivity  and  quality  in  the  progeny. 
This  system  of  breeding  is^  the  most  economical  way  of  rapidly  lifting 
the  milk  production  of  coinnerciai  stock* 


Age  of  Breeding 


Goats  are  in  their  prime  when  from  h  to  6  years  of  age,  but 
choice  individuals  and  good  breeders  may  often  be  kept  to  advantage 
several  years  longer.    The  general  practice  is  to  breed  young  does 
when  they  are_i$^to  IP  months  of  ape^  at  which  time  they  will  be 
practically  ^rown  if  they  have  been^well  cared  for.    Most  breeders  have 
tlieir  does  kid  in  the  months  of  February^  March i  and  April,  and  breed 
them  but  once  a  year.    However^  some  people  who  keep  only  a_few  goats 
<ksire_a  ^^^  ^PP^.*1^11^ ?5*ir?  yea?"_?nd  breed  a  part  of  the 
does  to  freshen  Siring  the  fail  or  early  winter^    Weii-grbwn  young  does 
can  be  bred  to  advantage  when  from  12  to  15>  months  of  age. 

Does  will  sometimes  breed  at  an  early  age  and  care  should  be  taken 
not  to  allow  then  to  become  pregnant  too  young.    Cases  are  recorded  in 
which  does  have  kidded  when  less  than  9  months  of  age. 


Periods  of  Heat 


Does  come  in  heat  regularly  between  September  Md  ^anrary,  and 
sonswhat  irregularly  and  with  less  intensity  from  January  to  March • 
After  this  only  an  occasional  doe  can  be  bred  until  late  in  August ^ 
whenthe  entire  herd  will  come  in  heat  again.    When  they  come  in  heat 
and  desire  the  attention _of  the^ buck  they  make  their  condi.tion_kn.own 
by  uneasiness  and  constant  a  hiking^  of  the  tail*    They  usually  remain 
in  heat  ftrora  1  to  2  days i    The  period  between_ heats  is  ordinarily  about 
21  days./  JFrqm  the  record  kept  of  the  Department's  herd,  mostjloe__ 
have  returned  in  from  17  to  21  days^  but  sometimes  they  will  return  in 
from  5/to 7  days  after  service This,  hcwever_  may  be  an  indication 
that  something  is  wrong  with  the  dpe.    Bucks  are  continually  of  use 

for  service  from  the  fall  to  the  spring  seasons  It  is  during  this 

time/that  they  have  such  a  strong  odors    The  number  of  does^to  breed 
to  one  buck  depends  on  his  age  and  condition.    An^ariy  spring  buck 
kid^  if  well  grown  and  proper^  handled,  can  be  bred  to  a  few  does 
the  following  fell.    A  buck  from  12  to  18  months  of  ape  can  be  bred  to 
at;  least  2$  does,  and  a  mature  buck  is  sufficient  for  from  SO  to  $0 
does. 
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Out~of -season  Breeding 


Breeders  experience  much  difficulty  in  getting  does  to  breed 
*  during  the  late  spring  and  summer  months^    Tb\s  seasonal  restriction 
in  the  breeding  of  does  create?  a  problem  of  maintaining  a  fairly 
uniform  level  of  milk_pr6ducti6ri  throughout  the  year  and  is  of  much 
concern  to  goat  dairymen  and  others  who  would  prefer  a  fairly  con- 
stant supply  of  milk.    Several  possible  means  of  spreading  the  period 
over  v^ich  does  come  in  milk  have  been  invest     nted  by  research 
workers  and  in  some  instances  applied  by  breeuw.        Probably  the  most 
practical  ones  arej    (1)  Delayed  breeding  of  a  part  of  the  does  in  a 
herd  so  that  some  arc  bred  at  differed t_ times  during  the  breeding 
season ^  (2 )  pen  breeding* virgin  or  dry  does  during  the  spring  arid 
summer  months^  by  permitting  a  buck  to  run  with  them,  and  (3)  selection 
°?  ^9?s  ^?^_^?n^_^9_?OI?®_??_le?^^lls_9i;itside  the  usual  breeding  season, 
thereby  increasing  the  spread  in  possible  breeding  dates. 


Until  other  methods  can  bs  developed,  the  first  and  second  ones 
can  be  considered  the  most  practical.    Even  these  are  not  so  easy  of 
application  in  small  herds  as  in  large  ones  where  there  is  more  oppor- 
tunity for  separation  of  animals  into  groups  for  early, and  late 
breeding.    Reserving  some  does  for  late  breeding  may  also  result  in 
a  few  dry  does  since  goats  do  not  breed  with  as  much  certainty  during 
the  latter  part  as  in  the  early  months  of  the  breeding  season.  , 

To  develop  a  strain  of  goats  which  would  consistently  breed  but 
of  season,  if  possible,  would  require  many  generations  of  vigorous 
selection  for  the  trait. 

The  injection  of  hormones  to  produce  out-of -season  breeding  has 
not  proved  effective  in  the  Department's  herd  and  in  some  cases  has 
proved  detrimental  in  retarding  the  occurrence  of  natural  estrus  and 
thereby  delaying  the  effective  breeding.    Therefore,  this  practice  can- 
not be  recommended  to  the  practical  breeder. 


C-estatibn  Period 


The  gestation  period,  which  is  the  time  between  the  effective 
service. of  the  buck  and  the  birth  of  the  kid  or  kids,  ranges  from 
11x6  to  152  days.    It  is  usually  spoken  of  as  5  months •  Theaverage 
gestation  period  recorded  for  several  years  in  the  Beltsville  herd  of 
Toggenburg  does  was  Hi 6  days* 
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Number  of  Kids 


Milk  goats  are  very_prblific.    The  usual  number  of  kids  at  one 
time  for  mature  does  is  29  but  frequently  there  are  3,  and  it  is  not 
a  rare  thing,  especially  among  the  common  American  goats,  to  have  a 
doe  produce  h.    Yearling  Topgenburg  does  at  Beltsville  have  produced 
kids  at  a  rate  of  l6*t  per  100  does,  while  the  mature  Toggenburg  ' 
does  have  produced  kids  at  the  rate  of  196  per  100  does.    Records  in- 
dicate little  difference  between  Toggenburg  and  Saanen  breeds  in  this 
respect. 


FE2D  AND  MANAGEMENT 


Successful  goat  production,  as  with  other  livestock,  requires 
the  use  of  proper  feeding  methods.     The  ability  to  convert  feed  into 
milk  is  inherited.    .Consequently,  one  of  the  most  important  problems 
of  the  goat  breeder  is  to  so  feed  his  goats  that  this  inherited  ability 
is  utilized  to  the  maximum.    Unless  feeding  permits  full  development, 
intelligent  selection  cannot  be  made  of^  the  animals  which  can  transmit 
tha  desired  characteristics.    Undernourished  does  that  never  had  ah 
opportunity  to'  demonstrate  their  capacity  to  produce  milk,  and  bucks 
lacking  in  growth  and  vigor,  are  difficult  to  appraise  accurately. 


The  Buck 


In  handling  goats^  the  bucks  are  a  considerable  problem.  Their 
strong  odor  and  distrusting  habits  cause  many  people  to  take  a  great 
dislike  to  goat^    Bucks  should  be  kept  away  from  the  does  except  when 
desired  for  service.  '  If  they  are  kept  in  the  same  barn  or  room  where 
the  does  are  milked^  some  of  the  strong  odor  is  likely  to  be  absorbed 
by  the  milk.    Place  the  bucks  in  a  separate  barn  or  shed,  with  a  lot 
sufficient  for  exercise  and  pasture. 

The  best  results  car^be  expected  only  when  the  buckjs  are  kept  in 
a  healthy  condition^  During ^tfce  winter  months  the  ration  should  con- 
sist of  a  hay — alfalfa,  clove.r^  or  mixed  hay — and  corn  stover,  with 
some  succulent  feed  such  as  silage  and  turnips,  and  a  sufficient  quantity 
of  grain. 

The  bucks. in  the  Department's  herd- are  usually  wintered  on  3 
pounds  of  alfalfa  or  clover  hay,  1  to  l|  pounds  of  silape,  and  If  pounds 
of  grain  a  day^  the  grain  mixture  consisting  of  100  pounds  of  corhj 
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100  pounds  of  oats^  £0  pounds  of^bran^  and  25  pounds^of  linseed  meal* 
Durifig  the  breeding  season  the  grain  ration  for  mature  bucks  is  usually 
increased  to  2  pounds  per  bead  daily*    When  the  bucks  are  on  good 
pasture,  no  grain  is  necessary • 

During  the  breeding  season  it  is  usually  necessary  to  keep  the 
Wcks  separate^  or  thev  will  fight  and  are  likely  to  injure  one  another* 
A  wood  lot  with  olerity  of  browse  is  an  excellent  place  for  them  during 
tha  summer*    Coats  are  browsers  by  nature  and  prefer  leaves,  twigs, 
and  weeds  to" grass,  i 

It  is  often  riecesrarv;  to  protect  the  trees  in  the  lots  and  pastures 
by  putting  around  them  a  framework  covered  with  close-woven  wire.  This 
is  true,  especially  of  the  young  trees.    If  no  lot,  or  only  a  small  lot, 
is  available  for  feed  and  exercise,  the  buck  may  be  tethered  out. 
Vacant  lots  can  often  be  utilized  to  advantage.    Fresh  feed  as  well  as 
a  variety  is  thus  afforded. 


The  Doe 


Host  of  the  feeds  that  aire  valuable  for__the  production  of  milk 
for  dairy  cows  are  also  suitable  for  does*    From  6  to  8  goats  can  tie 
keot  upon  the  feed  required  for  1  cow.    Wher^  does  are  in  milk,  they 
should  be  allowed  all  the  roughage  that  they  will  gonsume,  such  as 
alfalfa,  clover,  or  mixed  hay  and  corn  stover.    They  should. receive 
a  liberal  quantity  of  succulent  feed^  such  as  silage,  mangel-wurzels, 
carrots,  rutabagas,  parsnips,  or  turnips.    The  grain  feeds  best  suited 
for  their  ration  are  corn,  oats ^  bran ^  barley |  and  linseed  meal  or 
linseed  cake*    Other  feeds  that  are_6f ten  available  and  that  can  be 
utilized  are  cottonseed  nteai^  brewers*  grains,  corn  brah^  gluten  feed, 
and  beet  pulp. 

A  ration  thafr  has  proved  to  he  very  satisfactory  for  does  in 
milk  during  the  winter  season  consists  of  2  pounds  of  alfalfa  or  clover 
hay,  1^  pounds  of  corn  silare  or  roots,  and from  1  to  2  pounds  of  . 
grain.    The  grain  ration  consists  of  a  mixture  of  106  pounds  of  cdrh^ 
100  pounds  of  o?ts,  ^0  pounds  of  bran,  and  2^  pounds  of  linseed  meali- 
When  the  does  are  on  pasture  they  receive  from  1  to  if  pounds  per  head 
daily  of  the  gr?in  mixtures. 

There  is  a  great  difference  in  individual  goats j  one  r bat  may 
readily  eat  a  ration  that  another  may  not  like  so  well.    As  in  the  casec 
of  dairy  cows,"  each  doe  should  be  studied  if  the  best  results  are  to 
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be^pbtained.    It  is  best  to  feed  separately  each  doe  that  is  giving 
J-f*',  ThiS  not  on%  affords  an  opportunity  to  study  each  individual 
but  also  insures  that  each  one  receives  the  quantity  intended  for 
her,    A  good  practice  is  to  feed  grain  on  the  basis  of  a  doe's  milk 
production;  that  is,  at  a  ratio  of  1  pound  of  grain  for  each  3'or  h 
pounds  of  milk  produced,  with  a  daily  minimum  allowance  for  all  does 
of  If  pounds  of  grain  per  head. 

In  the  Department's  herd  of  fogjrenburg  does  an  average  of  1.0 
.    PJ^J  °f  erain  is  required  to  produce  a  quart  of  milk,  on  the  basis 
or  the  daily  consumption  of  grain  throughout  the  entire  period  of 
lactations    Approximately  500  pounds  of  hay  and         pounds  of  grata  a 
year  are  required  for  a  mature  doe,  provided  of  course,  that^good 
/  Pasture  is  afforded  as  much  as  6  months  of  the  year*    If  no  pasture  is 
';.  available  about  twice  the  amount  of  hay  and  30  percent  more  grain 

Is  required*    It  is  estimated  that  1  acre  of  good  pasture  is  sufficient 
T°r  f,  to  J  mature  goats  during  a  grazing  season  5  to  6  months  in 
length.    If  grain  and  hay  are  to  be  grown  for  the  goats,  additional 
acreage  must  be  provided  for  this  purpose.   Goats  relish  browse,  but 
a  doe  cannot  be  expected  to  produce  milk  at  her  maximum  level  with- 
out the  addition  of  good  legume  hay  or  other  pasture  plus  a  grain 
ration*  * 

.        Young  does  should  be  kept  growing.    In  the  spring,  summer,  and 
fall*  if  they  have  plenty  of  browse  arid  pasture,  ho  grain  is 
necessary*    If  no  browse  is  afforded  arid  the  pasture  is  short  during 
certain  months,  give  them  a  little  grain.    In  winter  they  should  be  • 
fed  about  1  pound  of  grain,  1  to  l£  pounds  of  silage  or  roots,  and 
all. the  hay  or  fodder  they  will  consume.    They  should  have  a  shed, for 
shelter  and  protection  from  tile  wind.    Goats  must  be  kept  dry-  and 
out  of  cold  winds  for  best  results. 

Some  goat  breeders  make  it  a  practice  to  gather  leaves  in  the 
fall  and  store  them  for  winter  use.    This  practice  should  be. re sorted 
to  only  in  cases  of  shortage  of  more  desirable  feed*    {eaves  may  be 
used, for  bedding,  but  even  for  this  purpose  they  are  only  fairly 
satisfactory*    If  only  1  or  2  goats  are  kept,  refuse  from  the  kitchen, 
such  as  potato  and  turnip  peelings,  Cabbage  leaves,  and  waste  bread 
may  be  utilized  for  feeding,    If  necessary,  does  may  be  tethered 
out*  as  described  in  connection  with  handling  the  buck* 

All  feed  offered  to  goats  should  be  clean*    IJations  should  be 
made  up  from  the  best  feeds  available  and  those  most  relished  by  the 
goats •    Salt  should  be  provided  in  the  form  of  medium  fine  stock 
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salt  with  trace  minerals.    FT; enq thiamine  can  be  mixed  with  this  in 
the  proportion  of  12  to  17  paints  sait  to  1  part  pi  enothiazine  without 
coloring  the  nilk.    this  provides  s era  protection  from  internal 
parasites  as  the  does  consume  their  salt  requirement^    In  order  to  be 

sure  they  get  enough  phenothiazine  to  protect  them,  no  other  salt  

should  be  provided  arid  mixed  feed  containing  salt,  should  not  be  used  • 
A  good  supply  of  fresh  water  is  necessary;  goats'  should  not  be  compelled 
to  drink  frbih  pools  where  the  water  has  been  standing. 


The  lactation  period  -9  which  is  the  time  that  a  doe  produces  milk/' 
varies  considerably  in  the  different  breeds  and  types  of  goats.  It 
ranges  all  the  way  from  3  to  10  months,  or  even  longer.    A  lactation 

period  ranging  from  8  to  10  months  is  considered  yery  satisfactory •  

There  are  certain  conditions," such  as  the  breed, individuality ,  health, 
feed>_ahd  regularity  arid  thqrwghness  of  milking,  which  may  influence 
it,*    Purebred  does  of  any  of  the  leading  breeds,  as  a  general  rule,  wil 
milk  longer  than  any  of  the  so-called  common!  or  American  type.  The 
breed  that  has  been  developed  the  longest  should,  of  course,  excel  in 
this  respect  if  the  animals  have  been  properly  selected.    There  are 
always  individuals  in  a  breed  that  excel  along  certain  lines,  and 
this  is  especially  true  as  regards  length  of  lactation  period. 

The  health  of  the  does  while  giving  milk  is  of  special  importance. 
When  does  are  out  of  condition  frequently  their  milk  yield  shrieks, 
and  in  many  cases,  they  have  to  be  dried  up.    Proper  feed  and  regu- 
lar feeding  have  a  tendency  to  extend  the  lactation  period  not  only 
by  stimulating  .the  production  but  by  causing  a  more  uniform  flow 
during  this  time.    The  milking  must  be  done  regularly  and  thoroughly 
if  good  results  are  desired.    Irregularity  and  neglecting  to  draw  all 
the  milk  frm  the  udder  have  a  tendency  to  shorten  the  period. 


As  young  does  usually  object  at_ first  to  being  milked,  the 
stanchion  arrangement'  shbwhih  the  illustration  is  ail  excellent  method 
of  handling  thenu    For  the  first  few  times  at  leas'o  it  is  best  to 
give  the  does  a  little  grain  feed  in  the  bo:,  attached  to  ths  ytahchipn. 
Does  soon  become  accustomed  to  being,  milked  and  af  ter  a  few  times  will 
jump  up,bn  the  stand  and  put  their  heads  through  the  stai  ohion  with- 
out being  assisted.  / 


Lactation  period 
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taf,,S  tef  Snf  f  should  always  be  either  washed  or  wiped  thoroughly 
S?f ^S^lng °ginarily  a  damP  cloth  is  sufficient  to  remote 
all  foreign  material.  The  first  mil*  drawn  should  hot  be  saved,  as  the 
openings  in  the  teats  may  be  partially  filled  with  foreign  matter  which 
will  be  removed  after  a  little  milk  has  been  drawn.  It  Is  best  to  have 
a  room  for  milking  separate  from  the  main  goat  barn.  This  prevents  the 
milk  from  absorbing  any  odors  in  the  stable. 

There  are  two  systems  of  milking  goats:    From  the  side,  as  cows 
are  milked,  and  from  the  rear.    This  latter  method  is  largely  a  Euro- 
pean style  and  is  used  very  little  in  the  United  States  as  there  is 
more  opportunity  for  contamination  of  the  milk  from  dirt  and  droppings. 
Commercial  dairies  usually  make  milking  arrangements  to  conform  to 
local  health  regulations. 

There  are  also  two  systems  of  drawing  milk  from  the  udder:  One 
consists  in  pressing  the  teat  in  the  hand,  as  is  usually  practiced  in 
milking  cows,  and  the  other  is  "stripping."    The  first  can  be  adopted 
when  the  teats  are  of  sufficient  size  to  be  grasped  by  the  hind.  The 
other  method  is  necessary  only  for  goats  with  small  teats  6r  for  Foats 
in  their  first  lactation,  before  the  teats  are  fully  developed.  In 
stripping,  the  teat  is  grasped  between  the  first  finger  and  the  thumb 
close  to  the  udder  and  drawn  down  the  entire  length,  sufficient  pres- 
sure being  exerted  to  cause  the  milk  to  flow  freely. 

A  heavy  producer  may  have  to  be  milked  three  times  a  day  for  a 
short  time,  but  twice  is  sufficient  for  most  does.    The  period  between 
milkings  should  be  divided  up  as  equally  as  possible.    Milk  should 
not  be  used  for  human  consumption  until  the  fourth  or  fifth  day  after 
the  doe  gives  birth  to  kids.    Some  authorities  recommend  waiting  long- 
er, but  this  is  not  necessary  if  everything  is  normal.    Regularity  in 
milking  is  important^  and  kindness  and  gentleness  should  be  regarded 
as  essential.    It  is  advisable  that  the  milking  be  done  by  the  same 
person  so  far  as  possible.    Milking  machines  especially  designed  for 
goats  are  used  in  many  commercial  dairies. 

» 

Care  of  the  Milk 


Utensils  used  in  handling  the  milk  may  be  purchased  from  goat 
dairy  supply  houses.    All  utensils  should  be  kept  clean.    A  sanitary 
stainless  steel  milking  pail  with  detachable  hood  has  been  satisfac- 
tory at  Beltsville.    These  pails  are  of  li -quart  capacity.    As  soon  as  the 
milk  is  drawn  it  should  be  weighed,  strained,  and  cooled.  The 
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weighing  is  necessary  if  one  is  to  determine  accurately  hew.  much  a 
doe  produces.    Milk  records  are  especially _ valuable  to  the  breeder  in 
selling  stock  as  well  as  in  selecting  breeding  animals* 

The  milk  should  always  be  thoroughly  strained  to  remove  any 
foreign  matter*    The  best  method  is  to  use  commercial  filters  or 
strainers^  but  it  is  possible  to  use  a  layer  of  sterilized  absorbent 
cotton  between  two  cloths,  or  to  pass  the  milk  through  several  thicknesses 
of  cloth*    Cheesecloth  is  best  for  this  purposes 

To  check  the  growth  of  bacteria  the  milk  should  be  cooled  to  a 
temperature  of  I1O0  F.  as  soon  after  milking  as  possible.    This  may 
be  done  by  placing  Hie  cans  in  a  tank  containing  cold  water*    One  of 
the  best  systems  of  cooling  the  milk  rapidly,  however,  is  to  run  it 
over  a  cooler  inside  of  which  is  cold,  running  waters    Milk  should  be 
kept  cool  until  wanted  for  use.    Complete  information  on  the  production 
of  clean  milk  is  contained  in  Farmers'  Bulletin  2017. 

Sometimes  undesirable  flavors  appear  in^ the  milk s  Jnese  may  be 
due  to  strong  feeds  such  as  wild  garlic  or  strong -flavored  weeds  or 
vegetables  consumed  by  does  too  near  to  milking  times    Good  flavored 
milk  results  from  proper  handling,  such  as  keeping  bucks  separate  from 
the  milking  does,  using  perfectly  clean  utensils,  cooling  the  "*1* 
rapidly  after  it  is  drawn,  and  keeping  it  refrigerated.  Occasionally, 
owing  to  ill  health  or  some  systemic  disorder,  individual  does  will 
give  poorly  flavored  milk.    Theories  have  been  advanced  that 
individual  does  vary  in  the  amount  of  fatty  acids  secreted  in  the  milk, 
and  thus  does  receiving  the  same  feed  sometimes  produce  differently 
flavored  milks.    Some  breeders  believe  that  off -flavored  milk  i"  an 
inherited  characteristic.    Still  others  have  observed  that  does  milked 
for  unusually  long  lactation  periods  tend  to  produce  milk  of  poor 
flavor.    Experimental  study  of  this  problem  is  needed. 

Because  pasteurization  of  goat's  milk  distributed  for  human  con- 
sumption is  required  by  public-health  authorities  in^ylocal^ies, 
itseffeets  on  nutritive  values  are  important.    Studies  ty  the  Depart- 
ment have  shown  that  the  solubility  of  calcium  and  phosphorus  is 
slightly  increased'  and  the  curd  tension  is  reduced  by  pasteurization. 
This  process  improves  the  keeping  quality  more  than  the  f^™r  °r 
fresh  goat's  milk.    Pasteurization  by  holding  the^mllk  at  not  l^s  _ 
than  1U2°  F.  for  30  minutes  caused  a  decrease  of  from  33  to  hS  percent 
in  the  content  of  reduced  ascorbic  acid,  or  vitamin  C. 
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Car©  of  the  Doe  during  kidding 


Ordinarily  the  doe  and  kid  heed  hb  special  care  during  and  after 
kidding,    A  few  days  before  expected  parturition  the  doe  should  be 
given  a  small  stall  where  she  may  be  alone.    Plenty  of  clean  bedding, 
such  as  straw,  leaves ^  or  shavings  should  be  provided.    She  nay  have 
all  she  will  eat.    If  she  is  indifferent  about  food,  adding  carrots, 
beets,  or  small  pieces  of  apples  to  her  ration  may  induce  her  to  eat. 

Assistance  at  birth  is  seldom  required.    Small  or  young  does 
kidding  for  the  first  time  may  need  help.    Parturition  may  require  ah 
hour.    If  it  is  hot  completed  by^the  end  of 2  hours,  assistance  should 
be  given.    Wash  the  hands  and  arms  with  soap  and  warm  water  and  a_ 
nild  disinfectant,  such  as  a  10-percent  solution  of  therapogen.  This 
is  made  by  taking  one  part  of  therapogen  and  diluting  with  9  parts  of 
water. 

Exanine  with  the  hand  the  position  of  the  kid  in  the  uterus. 
Normally  the  two  front  feet  should  be  felt  first  with  the  hose  resting 
on  the  front  legs.  Fasten  a  stout  cord  which  has  been  disinfected  in 
the  solution  to  the  kid's  front  legs  and  pull  gently  as  the  doe 
strains.    The  kid's  head  should  move  along  with  the  legs.    Once  the_ 
forelegs  and  head  are  passed  there  will  usually  be  no  further  trouble. 
If  one  leg  is  doubled  back,  it  should  be  straightened  but  so  that  it 
lies  alongside  of  the  bth>r  so  that  both  wiH  come  out  together.  Never 
pull  oh  the  front  legs  unless  the  head  is  coning  along  with  them. 

If  the  kid  is  in  a  posterior  position,  the  two  hind  feet  must 
be  expelled  together.    Attach  a  cord  to  them  and  proceed  as  in  a 
forward  presentation* 

In  a  backward  presentation  the  kidjs  back  is  sometimes  downward. 
Inthis  case  the  kid  should  je  turned  in  the  passage  so  that  its  belly 
will  be  downward  before  any  pulling  is  done. 

After  the  kid  is  but,  dry  it  of f  with  a  clean  dry  cloth  and  put 
it  near  the  doe.    She  will  usually  lick  it  clean  and  otherwise  care 
for  it.    A  second  or  third  kid  may  be  born  following  removal  of  the 
first  one.    The  afterbirth  as  soon  as  passed  should  be  burned  or 
buried.    If  the  afterbirth  is  retained  for  more  than  2h  hours,  or  if 
there  is  irif  lanmiatioh  of  the  uterus,  2  to  3  ounces  of  mineral  oil 
containing  one -half  dram  of  iodoform  may  be  introduced  into  the  uterus 
through  a  sterile  soft  rubber  tube.    This  loosens  the  attachment  of 
the  after  birth  to  the  womb  and  prevents  bacterial  infection. 

\ 
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After  the  kid_gets  lip  and  starts  tb_riurse,  make  certain  that  it 
is  getting  milk*    Stripping  the _ teats  a  few  times  will  indicate  the 
presence  or  absence_bf  milk*    If  the  teat  is  hot  open  a  veterinarian 
should  be  caliedU    The  k±d  or  kids  should  receive  the  first  milk,  or 
colostrum.    If  hand  feeding,  is  to  be  used  the  kid .should  not  be  al- 
lowed to  nurse  the  <k>e  at  all/  but  should  be  fed  from  a  bottle  with 
a  nipple  for  the  first  few  days,  then  taught  to  drink  from  a  pan.  If 
the  kid  nurses  the  doe,  see  that  both_ halves  of  the  udder  are  emptied 
uniformly i    The  udder  should  hot  be  allowed  to  become  hard. 


Raising  the  Kids 


The  raising  of_the  kids  is  especially  important  when  it  is  de- 
sired either  to  sell  or  use  the  milk  for  family  purposes.    If  the 
kids  are  not  to  be  raised,  they  can  frequently  be  sold  for  pets  or 
for  meat  when  2  to  3  months  old.    Kids  that  are  allowed  to  suckle 
their  dams  hot  only  make  good  growth  but  require  very  little  atten- 
tion as  compared  with  those  raised  by  hand.    However,  hand-raising 

helps  avoid  ill-shaped  udders  which  sometimes  result  fi^m  uneven   

suckling,  prevents  weaning  diificulties,  and  provides  a  check  on  milk- 
production* 

The  quantity  of  milk  to  be  fed  and  the  length  of  time  that  it 

should  be  fed  depends  on  several, conditions*    Kids  dropped  in  the  

spring  do  not  require  so  much  milk  or  need  to  be  fed  so  long  as  tiiose 
dropped  in  the  fall  or  early  winter.    The  quantity  of  milk  required 
for  a  kid  can  be  determined  readily  from  the  fact  that  a  doe  producing 
from  3  to  H  pounds  of  milk  a  day  can  easily  raise  two  kids  satisfacto- 
rily.   This  means  that  each  kid  heeds  l|  to  2  pounds  of  milk  a^day^  or 
1*  to  2  pints The  Department  in  an  experiment  allowed  several  does 
with  records  of  a  little  above  U  pounds  of  milk  a  day  to  suckle  3  kids, 
feeding  the  kids  alco  some  hay  and  grain.    The  kids  made  a  fairly  good 
growth,  which  shows  that  the  amount  of  milk  can  be  decreased  if  other 
feed  is  supplied. 

Studies  in  the  feeding  of  kids  by  hand  in  the  Apartment's  herd 
have  shown  that  after  they  have  reached  10  weeks  of  age  the  milk  may 
be  replaced  in  a  large  measure*  by  good  alfalfa  hay  and  mixed  grain 
without  sacrificing  body  weight  and  cfevelopmenti    During  the  period 
of  10  to  18  weeks  of  age,  the  kids  in  one  lot  were  given  60  pounds 
less  of  milk  than  the  check  lot,  and  all  were  fed  all  the  hay  and  grain 
they  would  clean  up.    The  kids  on  the  restricted  milk  diet  consumed 
on  the  average  9  pounds  more  of  grain  and  2  pounds  more  of  hay 
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during  this  8 -week  period  than  the  kids  in.  check  lot.    The  average 
weight  of  the  kids  in  the  2  lots  was  identical,  at  the  close  of  .  the 
feeding  testi    This  substitution  of  grain,  and  hay_fbr  milfc_ih  kid 
lading  is  economical,  as  it  takes  approximately  1  pound  of  grain  to 
produce  2.2  pounds  of  milk* 

  _  .     _  _         _       .         _  _      _  / 

Kids  to  be  raised  by  hand  should  not  be  allowed  to  nurse  the  doe  * 
Ihey  should,  however,  be  given  the  colostrum  or  first  milk  which  is 
so  valuable  to  them  during  the  2  days  following  birth.    This  milk 
should  be  fed  at  frequent  intervals  from  a  bottle  and  nipple. 

Kids  can  be  raised  satisfactorily  on  whole  cow's  milk^  and  sbzno 
goat  breeders  have  adopted  a  system  whereby  skim  milk  has  been  used, 
with  a  fair  degree  of  success.    Die  kids  should  be  changed  from  whole 
to  skim  milk  very  gradually,  the  quantity  of  skim  milk  being  gradually 
increased  until  it  makes  up  the  entire  milk  ration.    After  this  has 
been  done  the  kids  will  usually  consume  from  2  to  3  pounds  a  day. 
they  should  be  given  just  as  much  as  they  will  drink  readily,  and 
until  they  are  at  least  6  weeks  old  they  should  be  f^d  three  tiras  a 
day.    During  this  time  the  milk  should  be  warmed  and  fed  at  a  tenp- 
erature  ranging  from  90°  F.  to  not  more  than  98°  F.    The  kids  can  be 
weaned  from  milk  when  they  are  from  3  to  h  months  old.    At  about  8 

weeks  of  age  the  digestive  system  of  kids  is_usually sufficiently  

developed  so  that  they  can  obtain  substantial  nourishment  from  solid 
feeds.    At  weaning  age  they  will  consume  sufficient  hay,  grain,  and 
pasture  to  mate  a  good  growth.    Soto  of  the  leading  goat  breeders  do 
not  w^an  the  kids  until  they  are  about  $  months  of  age*    The  age  of 
weaning,  however,  should  depend  upon  the  system  of  raising  the  kids. 
If  raised  by  nursing  the  does,  they  can  be  allowed  to  remain  in  the 
herd  until  ^  mbnttis  of  age;  but  if  they  are  raised  by  hand  ifeedirg 
and  the  supply  of  milk  is  limited,  they  may  be  weaned  much  earlier  with- 
out serious  results. 


Kids  will  eat  a.  little  hay  and  grain  at  an  early  age,  and  they 
should  be  provided  with  them.    Alfalfa  or  clover  hay  should  he  given 
in  a  rack  and  the  grain  mixture  in  a  trough.    Arrangements  should  be 
made  to  keep  the  kids'  out  of  both  the  rack  and  the  trough.    A  good 
grain  ration  for  the  kids  consists  of  cracked  corn,  crushed  or  rolled 
oats,  and  bran  mixBd  in  the  proportion  of  one  part  cracked  corn,  onk 
part  crushed  or  rolled  oats,  and  one-half  part  brani    They  jAoulxi  be 

allowed  as  much  as  they  will  clean  up  during  the  2fc-ftour  period  until  

they  are  eating  one-half  pound _a  dayi    All  grain  that  la ^not  eaten  should 
be  removed  from  the  trough  each  day  and  fresh  grain  provided,  as  kids 
are  very  delicate  in  their  eating  habits. 
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If  the  kids  are  fed  by  hahd^  they  can  either  be  given  the  milk 
from  a  bottle  with  a  nipple  or  a  tank  with  a  number  of  nipples  attached i 
or  tiiey  Say  be  fed  from  pans,    Most  kids  can  easily  be  taught  to  drink 
from  a  pan  or  trough^^nd  this  system  is  less  troublesome;  Some 
kids,  however,  «^e  very  siw_in  lefr31?11^.^  drink  and  do  much  better 
when  fed  from  a  bottle.    Gleanliiiess  is  absolutely  essential  for  the 
successful  raising  of  kids;    The  pans,  pails,  bottles,  and  nipples 
s^9?ldke  kept  clean.    ^^?_tfae_k±ds_are_a  ?nd  have 

learned  to  drink^  they  can  be  fed  from  a  gaivanized-iron  trough. 
Gare  should  be  taken^  however,  to  see  that  each  kid  receives  its  share 
of  the  milk; 

,  Kids  are  very  playful  creatures  and  recuire  considerable 

exercise;    if  they  are  kept  in  a  small  enclosure,  it  is  a  good  plan 
to  put  a  box  from  18  to  20  inches  in  height  in  the  center,  so  that 
they  may  run  and  jump  upon  it.  This  will  give  them  plenty  of  exer- 
cise^ and  they  will  have  keen  appetities.    Pasture  or  browse  should 
be  afforded  as  early  as  possible; 


Castration 


Ail  buck  Jcids  not  to  be  kept  or  sold  for  breeding  purposes  should 
be  castrated  when  they  are  from  10  days  to  3  weeks  of  age.    The  older 
they  are,  the  more  severe  toe  operation.    The  operation  of  castration 
is  very  simple  and  can  be  performed  by  the  elastration  or  pincer 
methods  or  by  cutting  the  lower  third  of  the  scrotum  off  and  grasping 
above  the  testicles  forcing  them  out  so  that  they  can  be  grasped  and 
pulled  away  one  at  a  time  with  the  spermatic  cord  attached* 


The  elastration  method  is  accomplished  by  expanding  a  rubber  band 
by  an  instrument,  diich  is  released  around  the  scrotum,  above  the 
testicles,  stopping  the  flow  of  blood  to  the  extremity  below  the  band. 
The  pincer  method  is  performed  by  clamping  pincers,  the  jaws  of  which 
do  not  come  entirely  together  across  the  scrotum  above  the  testicles. 
This  pincer  crushes  the  cord  but  does  not  sever  the  outside  layers  of 
skin.    These  are  known  as  bloodless  methods  of  castration. 

In  case  the  knife  is  used  when  the  kids  are  more  than  h  months  of 
age,  the  cords  should  not  be  pulled  out  but  scraped  off  just  above  the 
testicles.    The  wound  should  be  bathed  with  some  good  disinfectant 
after  the  operation. 

Buck  kids  should  be  separated  from  the  doe  kids  when  they  are 
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about  h  months  of  age.    Doe  kids  come  in  heat  when  young,  and  the 
young  bucks  worry  them  a  great  deal  if  allowed  to  run  with  them i 
Occasionally  doe  kids  become  pregnant  when  they  are  only  ii  to  5  months 
of  age* 

Marking 

Each  goat  in  the  herd  should  be  marked  in  some  manner  for  identi- 
fication.   This  may  be  done  by  the  use  of  metal  ear  labels,  by  notching 
the  ears,  or  by  tatooing  the  ears.    In  some  instances  all  three  of 
these  systems  are  used.    When  this  is  done,  the  kids 1  ears  are  notched 
as  soon  after  birth  as  possible,  and  when  they  are  from  3  to  6  months 
of  age  the  ear  label  is  inserted  and  the  tatooing  done.    The  ear 
label  is  only  a  fairly  satisfactory  method  of  marking  and  never  should 
be  used  as  a  sole  means  of  identification  as  th*>  label  is  liable  to  be 
torn  out.    Care  should  always  be  taken  tr insert  the  label  rather  close 
to  the  head  and  far  enough  up  into  the  ear  to  make  it  fairly  tight. 

Notching  the  ears  can  be  done  with  the  punch  used  for  inserting 
the  ear  label.    Notches  on  certain  parts  of  the  ears  indicate  certain 
nunbers,  the  sum  of  the  numbers  represented  by  the  notches  being  the 
number  of  the  goat.    Numbers  up  into  the  hundreds  involve  a  rather 
complicated  system,  but  they  are  not  usually  necessary  in  a  small  herd. 
To  avoid  a  complex  system,  each  crop  of  kids  may  be  numbered  f  roc  one 

upward.    The  notch  system  is  especially  valuable,  as  it  not  only  

serves  as  a  means  of  identification  but  it  is  not  always  necessary  to 

catch  the  goats  to  read  their  numbers.    A  person  can  stand  at  some  

distance,  and  if  the  goat  is  facing  him  the  notches  can  be  seen  readily. 

Tatooing  on  the  inside  of  the  ear  is  the  most  satisfactory  

method  of  marking  goats.    There  are  on  the  itarket  tabooing  instruments 
having  adjustable  numbers  and  letters,  with  which  a  combination  con- 
taining 3  or  ii  of  either  or  both  can  be  made.    Some  breeders  tatoo 
their  initials  in  one  ear  and  a  number  in  the  other.    Tattooing  is  an 
excellent  method  of  recording  the  identity  of  goats  as  the  numbers  are 
easily  read  and  when  properly  inserted  are  practically  permanent. 
Special  nonfading  tattoo  ink  can  be  obtained  from  all  livestock  equip- 
ment houses.    Care  should  be  used  to  make  sure  the  ink  is  rubbed  well 
into  the  indentures  made  by  the  needles. 


Dehorning 


Mature  goats  may  be  dehorned  safely.    This  is  done  best  by  sawing 
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the  horns  off  close  to  the  head  with  a  wire  saw  such  as  veter^axians 
use.    The  operation  should  be  performed  if  possible  when  the  weather 
is  fairly  cool  and  when  flies. are  hot  trouble some.    As  soon  as  the  horns 
.  are  removed,  apply  a  little  pire  tar  to  the  wounds. 

The  horns  on  kids  can  be  prevented  from  developing  by  using 
caustic  soda  or  potash  sticks,  co'^inercial  horn  removing . preparations , 
or  the  disbudding  iron#    Regardless  of  the  method  used  it  is  highly- 
important  to  make  sure  that  the  kid  to  be  disbudded  actually  requires 
disbudding;  that  is,  be  certain  that  the  kid  is  not  naturally  hornless • 
To  determine  whether  a  kid  has  horn  buds,  the  hair  should  be  clipped 
closely  from  the  top  of  the  head  where  the  horn  buds  would  be  expected. 
If  two  shiny  hairless  spots  show  up,  the  size  of  a  pinhead  or  larger, 
and  if  the  skin  is  tightly  attached  to  the  skull  at  these  points,  it 
is  highly  probable  that  thejcid  has  horn  buds.    Oh  a  naturally  hornless 
kid,  the  skin  can  be  moved  from  side  to  side  by  pushing  with  the 
finger,  as  the  skin  is  not  attached.    However,  there  is  an  enlargement 
at  the  point  at  which  the  horn  would  be  attached  to  the  skull.  The 
most  favorable  time  to  disbud  is  the  day  after  the  kid  is  born*  pro- 
vided the  kid  is  of  normal  vigor,  and  it  has  been  determined  that  the 
kid  has  horn  buds.    The  sooner  the  operation  is  performed  the  loss 
developed  the  horn  buds  will  be  and  the  easier  it  is  to  stop  their 
growth. 

Caustic  sticks  of  soda  or  potash  may  be  obtained  from  the  drug 
store •    These  should  be  used  with  care,  as  they  may  injure  the  skin  of 
the  person  handling  them.    The  stick  caustic  should  be  wrapped  in  a 
piece  of  paper  to  protect  the  fingers,  leaving  one  end  uncovered. 
Moisten  the  uncovered  end  and  rub  it  on  the  horn  buttons.    Care  should 
be  taken  to  apply  the  caustic  to  the  horn  button  only,  but  it  should 
be  blistered _we  11  •  -  This  is  best  effected  by  clipping  the  hair  close 
to  the  head  for  some  distance  around  the  horn  button  and  coating  the 
surface  with  petrolatum,  leaving  the  skin  close  to  the  horn  button 
and  the  button  itself  free  from  the  coating. 

The  caustic  may  then  be  applied  to  the  uncoated  portion  without 
danger  of  its  burning  the  remainder  of  the  head  or  running  into  the 
eyes.    The  application  should  be  madb  when  the  kids  are  from  2  to  5 
days  old. 

The  disbudding  iron  probably  gives  more  uniformly  successful 
results  and  is  easier  on  both  the  kid  and  the  operator  than  the  other 
methods*    A  disbudding  iron  can  be  purchased  from  goat  daily  supply 
firms  or  made  by  anyone  handy  with  tools.    It  resembles  a  soldering 
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irorr  with  the  tip  sawed  off  ;    Irons,  the  ends  of  which  are  *  lightly 
concave,  are  preferable  to  irons  sawed  off  with  plain. end,  although 
these  also  give  (rood  results.    For  disbudding  the  iron  should  be 
heated  so  that  at  least J  inches  are  cherry-red.    Haying  two  irons  so 
that  a  fmsh  one  is  ready  for  the  second  horn  bud  accelerates  the  ' 
opejation.    For  small  doe  kids  a  "/A -inch  (diameter)  iron  is  suffi- 
ciently large*  but  for  large  does  and  especially  buck  kids  a  1-inch 
iron  is  better.    The  iron  should  be  centered  om  the  horn  buds,  and 
applied  with  a  rotary  Motion  and  light  pressure,  for  from  $  to  10 
seconds  or  more  depending  on  the  size  and  development  of  **is  horn 
buds.    When  the  iron  has  burned  enough  the  clean  skull  wili~show. 
It  is  important  that  the  iron  be  a  cherry-red  heat,  because  at  a* lower 
temperature  a  longer  timP  i?  -required  which  is  more  exhausting  to  the 
kid.    Unguentine  or  carbolafced vaseline  should  be  applied  to  each  disc 
immediately  after  disbudding. 


ears  of  the  Hoofs 


If  goats  are  more  or  less  confined  and  not  allowed  to  run  upon 
gravelly  or  rocky  soil  their  hoofs  grow  out  and  should  be  trimmed.  A 
goat  should  have^ts  hoofs  trimmed  so  that  it  will  stand  souarely  on 
its  feet.    A  sharp,  pruning  or  hoof  knife  is  best  for  this  operation, 
fne  horny  edge  of Jhe  hoof  should  be  trimmed  level  with  the  soft 
tissue  which  comprises  the  sole,  and  if  this  tissue  is  overgrown  or 
-unbalanced  it  may  also  require  a  little  trimming.    This  part  of  the  hoof 
is  sens itive^nd  must  be  trimmed  carefully  and  not  too  deeply. 
Excessive  horny  portions  of  the  heel  should  be  trimmed  so  that  the 
entire  foot  wiH.  set  souarely  on  the  ground.    If  the  hoof  is  over- 
grown and  badly  out  of  shape,  it  will  be  necessary  to  restore  it  gradual- 
ly to  normal  shape  by  drawing  it  to  form  a  little  more  at  each 
trimming.    The  need  for  hoof  trimming  will  vary. with  individual  goats, 
but  examination  of  the  hoofs  should  be  made  at  monthly  intervals. 


GOAT  MEAT  AND  GOATSKINS 


There  has  always  been  a  rather  general  prejudice  in  this  country 
against  the  use  of  goat  meat  as  food.    However,  in  some  sections  a 
great  many  goats  of. the  milk  type,  especially  kids,  are  consumed 
and  are  in  demand. r-They  are  sold  for  slaughter  when  from  8  to  12 
weeks  of  age.    The  flesh  of  young  goats,  or  kids*  is  palatable  and  haa 
a  flavor  suggesting  lamb. 
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The  prices  of  goats  sold  oh  the  market,  for  slaughter  are  always 
considerably  less  than  those  received  for  sheep.    Goats  do  not  fatten 
and  carry  flesh  as  sheep  doi 

The  United  States  imports  in  normal  times  about  UO, 666*000  goat- 
skins annually,  so  it  would  seem  that  thexre  should  be  a  ready  market 
for  all  skins  that  could  be^ produced.  Skins  from  the  shorthaircd 
goats,  such  as  the  common  type  of  American  goat  and  the  milk  breeds, 
are  the  kind  used  in  the  manufacture  of  shoes §  gloves,  bookbindinps, 
pocketbooks,  and  like  articles.  However,-  as  a  rale  these,  skins  have 
drily  a  small  commercial  value  • 


TP.0UBLKS  WITH  GOATS 


Although  considered  very  healthy,  goats  are  subject  to  disease 
and  have  their  troubles  as  well  as  any  other  animal.    Goats  are  less 
subject  to  disease  than  sheep,  but  the  two  species  are  so  closely 
allied  that,  in  general,  the  treatment  in  cases  of  disease  is  the  same 
for  both.    Since  the  diapnosis  and  treatment  of  diseases  require 
special  knowledge  and e xperience,  the  services  of  a  veterinarian 
should  be  obtained  whenever  disease  problems  arise. 

A  matter  of  great  importance  and  one  oh  which  breeders  lay  con- 
siderable emphasis  is  the  fact  that  goats  are  rarely  affected  with 
tuberculosis.    When  confined  to  close  quarters  with  cows  that  have 
tuberculosis,  they  may,  however,  contract  the  disease.    Goats  that 
are  in  good  condition  are  not  very  liable  to  contract  disease,  but  sane 
maladies  may  affect  them  if  they  are  allowed  to  get  in  poor  condition. 

In  the  Federal  meat  inspection  the  cause  of  most  of  the  condemna- 
tions for  goats  on  both  ante  mortem  and  postmortem  inspections  is 
emaciation.    Emaciation  may  be  due  to  any  one  of  a  combination  of 
factors  such  as  stomach  worms,  flukes,  tapeworms,  and  abortion.  It 
is  necessary,  of  course,  to  determine  the  cause  before  treatment  can 
be  administered i 


>  Diseases  and  Minor  Ailments 


Brucellosis 


This  term  covers  infection  due  to  germs  belonging  to  the  genus 
known  as  Brucella.    Organisms  of  this  class  are  responsible  for 


/ 
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brucellosis^  also  known  as  Bang'^disease  and  infectious  abortion,  in 
cattle  and  other  animals^  Malta  fever  in  goats j  and  undulant  fever  in 
man  who  contracts  the  disease  directly  or  indirectly  from  infected 
animals  or  their  products . 

Brucellosis  in  goats  is  most  frequently  caused  by  the  germ, 
B rue eHa  me liten s is.    Signs  of  inf e c tion  may  vary  considerably.  Abor- 
tions are  common  in  herds  where  the  disease  has  been  recently  intro- 
duced as  well  as  in  young  does  from  herds  where  infection  has  been 
present  for  a  considerable  time.    Other  symptoms  occasionally  observed 
are  lameness,  retarded  milk  secretions,  and  inflammation  of  the  udder. 

 Suspicion  as  to  the  presence  of  binicelibsis  can  be  verified  by 

tests  of  the  animal fs  blood.    In  herds  found  to  be  infected,  repeated 
tests  are  usually  desirable.    The  test,  known  as  the  agglutination  test 
is  the  same  as  that  cormoniy  used  for  brucellosis,  or  Banp's  disease, 
in  cattle.    Milk  and  milk  products  from  infected  animals  are  dangerous 
unless  pasteurized  or  boiled.    Persons  caring  for  infected  animals  are 
exposed  to  the  infection^ 

The  chief  method  of  prevention  is  frequent  blood  testing.  Newly 
acquired  animals  should  always  be  subjected  to  test,  preferably  by  an 
authorized  agent  of  the  State,  before  they  are  added  to  healthy  goait 
herds.    This  is  especially  desirable  in  goat  dairies,  and  is  mandatory 
in  some  States,    fte  reacting  animals  should  either  be  isolated  pend- 
ing replacement  or  slaughtered  under  veterinary  supervision. 


Abortion 


Goats,  like  all  other  species  of  farm  animals,  sometimes  abort. 
The  abortion  may  be  caused  by  infection,  lack  of  some  necessary  ele- 
ment in  the  diet,  or  other  factor  about  which  little  or  nothing  is 
known. 


If  several  repeated  abortions  should  occur  in  the  herd,  infection 
of  some  kind  may  be  suspected.    Irvjsuch  a  case  it  would  be  advisable 
tohave  the  aborting  goats^  or  even  the  entire  herd,  blood- tested  for 
Malta  fever.  _ Goats  affected  with  this  disease  are  apt  to  abort.  Malta 
fevfer  is  not  likely  to  appear  among  poats  except  in  those  restricted 
localities  where  the  disease  is  known  to  exist.    The  test  for  Malta 
feveir  is  the  same  as  that  for  Barigfs  disease. 


ty      225  230 


ERLC 


If  a  dor  aborts  she  should  be  placed  in, a  pen  by  herself,  away 
from  the  herd,  and  kept  isolated  until  discharges  from  the  generative 
organs  cease  and  recovery  is  complete. 

The  fetus  and  after  birth,  provided  the -latter  has  been  expelled , 
should  be  disposed  of  in  such  a  manner  as  to  be  inaccessible  to  the 
rest  of  the  herd.    Similar  disposition  should  be  made  of  the  dis- 
charges from  the  genital  organs  and  of  contaminated  bedding. 

Pens  in  which  abortive  goats  have  been  isolalfced  should  be  veil 
cleaned  and  disinfected  before  being  used  again. 

  tittle  can  be  done  or  is  necessary  in  the  way  of  treatment  beyond 

attention  to  the  comfort  and  .nourishment  of;  the  animal.  '  If  the  after- 
birth is  retained  for  more  than  2k  hours f  the  subcutaneous  or  intra- 
muscular injection  of  diethylstilbestrol  or  estradiol  dipropribnate  is 
recommended.    This  treatment  produces  contraction  of  .the  uterus  which 
aids  in  the  expulsion  of  fluids  and  eventual  detachment  of  afterbirth.  - 


Constipation 


Constipation  sometimes  occurs,  especially  in  the  kids.  Simple 
constipation  may  be  due  to  digestive  disturbances .resulting  from 
accumulations  of  poorly  digested  dry  feed,  lack  of  exercise,  or  gorging 

A  change  of  diet  and  adequate  exercise  may  serve  to  relieve  this 
condition.    When  medication  is  required  such  simple  drugs  as  Epsom 
salts  or  oil  may  usually  be  safely  administered  as  a  drench. 

The  dosage  for  mature  stock  is  fro!  2  to  U  ounces  of  salts  dis- 
solved in  1  pint  of  warm  water.    Weanling  kids  should.  receive_bhly 
half  that. dosage t    Castor  oil  or  raw  linseed. oil  in  place  of  Epson 
salts  will  be  effective,  and  the  dosage  should  consist  of  the  same 
number  of  liquid  ounces. 


Mastitis,  or  caked  udder 

When  mastitis  is  present,  the  udder  usually  feels  hard  and  is  hot 
and  swollen,  but  an  occasional  case  may  be  found  in  which  there  are 
flakes  in  the  milk  and  very  little  swelling  of  the  udder.    The  con- 
dition is  caused  very  frequently  by  the  presence  of  bacteria  which 
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multiply  in  the  milk  and  tissue  a  of  the  udder,  and  set  up  inflinmatoxy 
changes,    In^uries^  excessive^ accumulation  of  milk  in  the  udder*  rough 
milking,  chilling,  and  systemic  derangements  favor  the  development  of 
the  disease -producing  germ? •    The  diseased  animal  should  be  promptly 
.    removed  from  the  herd  and  treated,,    Treatrant  consists  in  ndlkilig  the 
animal  thoroughly  but  gent^  every  hour  or  two  during  the  day.  _The_ap- 
plication  of  hot  towels  or  water  as  H»t  as  the  hand  will  stand  for  20 
minutes  tx  to  5  times  a  day  will  also  be  of  benefit. 

Antibiotics  and  sulfonamides  are  also  useftd  for  intramaimary 
injection  in  cases  of  chronic  mastitis  or  parenterally  in  acute  case*. 
If  these  drugs  are  injected  through  the  teat  canal  then  frequent 
stripping  of  the  uddei\  is  not  necessary.    Treatment  by  use  of  anti-  f 
biotics  arid  sulfonamides  should  be  administered  by  a  competent  vet^ 
erinarian.  i 


Sore  Teats 


This  condition  may  be  causec^by  the  teeth  of  the  kidr,  warty 
growths  oh  the  teats j  or  an  injury i    After  the  teats  have  been  wash- 
ed and  dried ^  carboiated  petrolatum  should  be  applied. 


Foot  Rot 


Unless  properly  managed,  goats  nay  have  foot  rot.    the  first 
evidence  of  this  trouble^/to  attract  attention  is  a  slight  lamsxiMs, 
which  rapidly  becomes  more  marked.    The  jfoot  will  become  swollen  and 
warm  to  the  touch.    There  is  no  specific  treatment  for  this  condition. 
A  treatment  may_  be  successful  under  certain  conditions  and  worthless 
under  others.    In  a  treatment  somet^ws  used,  the  affected  fset  are 
first  trimmed  thoroughly  so  as  to  expose  the  seat  of  inf&ction,  and 
then  soaked  in  a  saturated  solution  of  copper  sulphate  (2§  pounds  to  1 
gallon  of water  J  for i  .sewral  minute  a*  JTh*  «4n»l  is  removed  to  cl^an 
dry  quarters  and  the-  copper  sulphate  treaianent  repeated,,  when  necessary. 
Pine  tar  applied  to  the  feet  helps  to  promote  healing  after  the  in- 
fection has  been  contrpliedi    Sulfonamides  and  antibiotics  are  also 
used  in  the  treatment  6f  foot  rot^ 


Parasites 

□oats  and  sheep  become  infested  with  about  the  same  kinds  of 


internal  and  external  parasites^  and  are  Sdversely  affected  in  a 
similar  manner  *    A  detsdled  discussion  of  this  subject  is  given  in 
FaiTne tv  *  Bulletin  1330  ^  Parasites  and  Parasitic  Diseases  of  Sheep* 
and  only  the  rare  important  aspects  of  the  problem  are  discussed  herein* 

Goats  are  known  to  harbor  different  kinds  of  f^rasites,  but  those 
concerned  in  parasitic  gastroenteritis  cause  the  greatest  economic 
lossi    The  most  important  of  these  are  stomach  worms,  intestinal  hair- 
worms, and  nodular  worms .    Heavy  infestations  of  the  common  Stomach 
worm  produce  a  severe  anemia;  stomach  hairworms  cause  ah  inflamation 
of  the  ULning  of  the  fourth  or  true  stomach,  resulting  in  gastritis, 
diarrhea,  and  loss  of  appetite.    The  effects  of  intestinal  hairworm 
infestations  are  similar  to  those  caused  by  stomach  hairworms,  except 
that  the  inflammation  is  in  the  small- intestine  and  is  known  as 
parasitic  enteritis.    Nodular  worms  may  produce  somewhat  similar 
effects  in  the  large  intestine*    Emaciation  and  death  of  kids  and  adult 
goats  may  result  from  he s^rinfe stations  of  one  or  nore  of  these 
parasites,  unless  measures  are  promptly  taken  to  expel _a  significant 
proportion  of  the  wonns.    Even  if  death _losses  do  not  result  f rem 
parasitic  infestations,  there  may  be  serious  effects  on  growth^  inter- 
ference with  milk  production^  and  interruptions  in  breeding activities « 
Other  internal  parasites,  such  as  liver  fluke s^  tapeworms,  Irangworras^ 
and  coccidia,  also  can  be  troublesome  to  goats.    Certain  external 
parasites  also  are  injurious  but,  in  general,  are  considered  of 
lesser  importance. 

Fhenothiazine  is  the  most  effective  drug  that  can  be  used  for  the 
renbval  of  internal  parasites  from  goats.    This  drug  should  be  given 

in  doses  of  35  to  U0.  grams  (about  1  l/3  ounces)  to  adult  goats,  and  

20  prams  (2/3  ounce)  to  kids  under  6  months  of  age  or  60  pounds  or  less 
in  weight.    Treatment  with  phenothiazine  twice  a  year  is  recommended 
in  cases  where  parasitism  tends  to  be  troublesome.    More  frequent 

treatments  may  be,  given  if  necessary.    If  goats  are  in  products  jn,  

the  milk  should  be  discarded,  or  used  for  other  than  human  consumption , 
for  a  period  of  h  days  immediately  following  treatment,  as  pheno- 
rhiazine  imparts  a  pink  discoloration  to  the  milk  for  a  few  days  after 
medication. 

Fhenothiazine  may  be  given  as  a  drench  or  in  capsule.  Animals 
may  be  treated  individually  or  in  groups  by  nixing  the  proper  amount 
of  the  drug  in  their  feed.    This  method  is  not  recommended,  hcwever, 
for  goats  in  production.    In  order  to  obtain  an  accurate  diagnosis, 
to  assure  proper  dosage,  and  to  avoid  injury  to  the  animals,  the 
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treatment  should  be  piven  by,  or  under  the  supervision  of,  a  veter- 
inarians 

Other  chemicals,  such  as  copper  sulphate,  nicotine _sulphate ,  a^ 
combination  of  these,  or  tetrachloroethvi^ne,  are  used  to  treat  worm 
parasitism  in  poats,  tut  none  of  these  is  more  penerally  useful  than 
phenothiazine  except  perhaps  in  the^case  of  anijTinis  in  production^ 
Farmers^  Bulletin  1330  contains  further  details  on  these  and  other 
treatments . 

Measures  other  than  specific  medication  can  play  an  important 
part  in  effective  control  of  goat  parasites .    A  wide  ranpe  and  dry^ 
hillside  pastures  tend  to  prevent  parasitic  infestation,  whereas  small, 
wet  low-lying  pastures  favor  the  spread  of  parasites ;  Enclosures 
free  from  vegetation  are  hot  as  dangerous  as  lush  pastures  *  Cleaning 
out  the  manure  frequently  and  thoroughly  is  another  aid  in  keeping 
enclosures  safes    Pasture  rotation  is  ai^importrmt  control  measures 

ionFer_ ^?J??stures  are  rested  the  greater^ 
the  free-living  stapes  of  the  parasites i    If  it  is  not  f??sibi?  *° 
use  these  aids  for _parasite  control  one  must  resort  to  pert odic 
medication  with  phenothiazine  or  other  antiparasitic  drugs; 

tice 


— =      Goats  infested  with  lice  may  'oe  treated  by  dttppinri _sPr?YSP?>  wash 
inp,  or  dusting  with  suitable  insecticides,    The  method  of  choice  will 
depend  upon  the  number  of  animals  to  be  treated,  the  insecticide  used, 
prevailing  weather  conditions,  and  available  facilities;  Joshing  and 
dusting  are  probably  the  most  practical  niethods  for  most  dairy  herds^ 
the  latter  being  particularly  useful  in  cold  weather;    vSprayinp  and 
dippinp  are  very  effective,  but  they  are  generally  feasible  only  when 
large  numbers  of  animals  are  to  be  treated;    Whatever  method  is 
selected,  however,  all  goats  in  t  he  herd  shorild  be  treated  regardless 
of  the  number  of  animals  infested;    It  may  be  noted  that  clipping 
long-haire    goats  discourages  lice  and  is  an  excellent  sanitary 
measure  a~:  well; 

Suitable  dusting  powders  may  be  prepared  by  thoroughly  mixing 
3  ounces  of  derris  or  cube  powder  (containing  5  percent  of  rotenone) 
or  2  ounces  of  methoxychlor  {$Q  percent  wet table  powder)  with  2 
pounds  of  talc,  pyrophyilite,  or  other  similar  diluents    The  mixtures 
must  be  well  rubbed  into  the  hair  over  the  entire  body  surface • 
Ordinarily,  i  or  2  ounces  is  sufficient  for  a  single  application  which 


can  usually  be  relied  upon  to  protect  the  animals  from  serious  re- 
infestation  for  at  least  3  or  u  weeks • 


Rotenone  wash,  or  dip,  may  be  prepared  by  dissolving  3  ounces  of 
soap  flakes  in  1  gallon  of  water  and  adding  12  ounoesj3f  jtorrts  or  cube 
powder  (containing  $  percent  of  rotenone )•    The  mixture  should  be 
prepared  just  before  use,  and  it  should  be  kept  well  stirred  at  all 
tinea* 

A. dip  or  wash  containing  0.$  percent  of  ne^o^ch lor  is^ also 
effective  against  lice»    A  suitable  suspension  may Jbe  prepared  by 
thoroughly  mixing  h  ounces  of  50-percent  wettabla  ire  too  3Qrch  lor  powder 
in  3  gallons  of  water.    The  addition  of  an  ounce  of  soap  flakes  to 
the  water  makes  the  wash  easier  to  apply . 


These  washes  are  suitable  for  use  during  any  season  of  the  year 

except  in  extremely  cold  weather*    Apply  them  with  a  brush  or  a  

cloth,  spreading  a  thin,  even  coating  over  the  entirr  body  surface* 
Avoid  contaminating  feed,  utensils,  and  drinking  watc    with^  these 
preparations^  do  not  allow  pools  of  the  ndjtturesjfeo  form  from  which 
the  animals  may  drinkj  and  do  not  allow  the  materials  to  drain  over  vege 
tatibh  upon  which  the  goats  are  permitted  to  graze* 

Other  chlorinated  hydrocarbon  insecticides  such  as  DDT,  BHG> 
toxaphene,  and  chlordane  are  also  useful  in  concentrations  similar  to 
those  of  wthoxychlor,  but  they  should  not  be  used  on  or  around  dairy 
animals  in  production  since  they  are  eliminated  partly  in  the  milk. 
A  more  complete  discussion  of  itethods  of  controlling  lice  may  be  found 
in  Department  Leaflet  308. 
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SWINE 


Swine  producers  who  use  sound  practices  of  breeding,  feeding,  arid 
management  usually  make  a  profit; 

If  you  are  planning  to  raise  hogs,  you  should  begin  by  finding  but 
if  a  supply  of  feed  is  available*    Your  farm  should  produce  abundant 
feed  or  be  in  a  cash-grain  farming  section.    Your  farm  should  be  acces- 
sible to  markets  so  that  you  can  sell  the  hogs  you  raise* 


ftegin  hog  raising  on  a  small  scales    After  you  develop  the  neces- 
sary skills,  gradually  increase  the  herd  size  to  fit  your  farm. 

Expanding  too  quickly  could  lead  to  overstocking  in  feed,  labor, 
equipment,  or  housing,  or  to  neglect  of  other  farm  enterprises.  Be 
careful  to  avoid  conflicts  of  your  farming  schedule— farrowing  versus 
planting  or  harvesting.    These  conflicts  can  cause  serious  losses  in 
total  farm  income  * 

Once  you  determines  the  number  of  hogs  that  best  fits  your  par- 
ticular farm  plan*  stick  to  this  number  unless  som  major  change  in 

size  of  farm  or  in  cropping— indicates  a  larger  or  smaller  herd.  Host 
successful  hog  raisers  produce  at a  uniform  rate  and  concentrate  on 
reducing  waste  and  increasing  eff iciencys 

In  figuring  the  number  6^  hogs  you  can  raise  on  the  feed  avail- 
able^ include  byproducts  and  water.    Feeds  that  can  be  salvaged  by  hogs 
are  skim  milk -p  grainy  field  gleanings^  unmarketable  products  from  truck 
farms,  and  grain  in  droppings  from  fattening  steers. 


Foundation  sows  for  the  herd  should  have  meat-type  body  conforma- 
tion, high  milk  production^  and  good  weight  for  age.    They  should  be 
physically  sound.    If  production-tested  sows  are  unavailable  or  prices 
are  too  high^  select  them  on  individual  merit. 


NUHH5R  OF  HOGS  TO  KAISE 


SELECTING  HEEDING  STOCK 


Sows 
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Desirable  Conformation 


The  prospective  brood  sow  should  have  a  long  body  with  a  full 
spring  of  rib.    The  back  should  be  uniform  in  width  and  the  shoulders 
should  be  smooth.    Along  the  topline,  the  back  should  be  moderately 
arched  and  full  and  thick  at  the  loin. 

The  sides  should  be  long,  deep  and  smooV     the  ham  should  be 
wide  and  well  developed,  carrying  down  to  within  2  inches  of  the  hock. 
The  jwl,  underline,  and  base  of  the  ham  should  be  trim.    The  legs 
should  be  strong,  of  medium  length,  and  should  have  good  feet  and 
strong  short  pasterns.    The  sow  should  have  12  to  Ih  good  teats,  open 
arri  without  deformity. 

Select  breeding  females  from  litters  of  10  or  more  pigs  but  of 
sovs  that  consistently  produce  large  litters i 

Profitable  Life 

The  profitable  life  of  a  gilt  or  sow  differs  with  the  type  of 
operation  and  with  each  farm. 

Do  not  replace  all  gilts  after  their  first  litter.    Instead,  keep 
the  best  one-third  to  one-half  of  the  gilts  for  a  second  litter.  Hav- 
ing sows  farrow  two  litters  a  year  will  give  you  more  information  for 
selecting  young  boars  and  gilts  to  be  kept  in  the  herd* 

This  system  also  permits  sows  to  remain  in  the  herd  if  they  are 
superior  to  any  of  the  gilts  that  would  replace  them.  If  distinctly 
superior,  keep  some  of  the  best  sows  for  a  third  or  fourth  litter. 

When  you  select  sows  for  additional  litters,  consider  the  number 
of  pigs  they  produce  aiid  the  weaning  weight  of  the  pigs .    Also*  con- 
sider the  gilt's  own  growth  and  meat-type  conf ornsation* 

Crossbred  sows  are  often  kept  for  their  superior  performance  in 
prolificacy,  milk  production,  and  mothering  ability^ 

Systematic  crossbreeding  programs  are  usually  based  on  group 
standards  of  performance.    These  standards  are  maintained  by  hybrid 
vigor  in  the  female  line  and  the  use  of  super* or,  production-tested 
males. 
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In  order  to  obtain  the  maximrai  benefits  from  cross oreeding,  all 
sows  should  be  replaced  after  producing  a  planned  number  of  litters* 
The  principal  advantages  of  this  system  are  lower  maintenance  costs 
for  gilts  aril  higher  sale  value  per  pound  as  compared  to  older,  heavier 
sows* 

For  roaxiSum  economy  such  a  system  usually  includes  a  favorable 
arrangement — exchange  or  high-resale  value—for  keeping  down  the  cost, 
cf  boars i 


BOARS 


Selecting  the  right  boar  is  f>ven  more  important  than  selecting  a 
sow  or  gilt  because  on  most  farms  a  boar  is  usually, bred  to  several 
bows •    Use  production-tested  meat-type  boars,  especially  if  they  are 
as  reasonable  in  price  as  untested  boars. 


Ignore  minor  defects  in  a  boar  unless  the  feanales  have  similar 
defects.  The  bear's  good  qualities  should  outweigh  any  major  weak- 
nesses in  the  sows. 


Performance  Information 


__  _ If _ you  must  select  a  toar  on  type  arid  appearance  alone,  wait  until 
he  is  at  least  6  months  old.  At  this  age,  defects  as  well  as  desirable 
traits  can  more  readily  be  observed  than  at  younger  ages* 

Sometimes  yon  must  choose  between  a  boar  from  a  herd  with  high 
performance  records  arid  a  boar  of  superior  appearance  from  a  herd  with 
no  performance  record.    When  you  make  this  choice*  select  one  the 
basis  of  records  rather  than  appearance • 

Consider  the  bbarfs  individuality  and  records  of  near  relatives-- 
dan,  sisters,  or  brothers*    The  next  most  important  qualities  of  a  boar 
to  consider  are  a  moderately  long  body,  good  bone*  and  sound  feet  and 
legs.    He  should  have  masculine  character,  be  smooth,  not  coarse,  and 
have  good  muscular. development  in  his  ham  and  loin.    His  reproductive 
organs  should  be  clearly  visible  and  veil  developed* 
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Number  of  Boars 


If  the  herd  exceeds  15  sows  and  the  sows  are  handled  as  a  single 
group,  use  two  or  more  boars •    This  will  perifiit  comparisons  among  the 
offspring  of  different  boars  and  provide  a  way  to  select  boar  replace- 
ments on  a  progeny-test  basis* 

Avoid  breeding  animals  with  ruptures  of  the  navel,  sexual  abnor- 
malities such  as  hermaphroditism  and  cryptorchidism!  arid  scrotal  rup- 
tures • 

Do  not  use  animals  from  litters  with  pigs  th^t  have_ defects.  A 
single  defective  pig  should  rule  out  the  selection  of  full  sisters  and 
brothers  as  breeders . 

A  boar  should  not  be  used  for  breeding  until  he  is  8  months  old. 
Keep  a  superior  boar  as  long  as  he  will  fit  into  the  breeding  plan. 
Avoid  close  inbreeding  such  as  parent-offspring  or  full  brother-sister 
matirigs. 


Crossbred  Stock 

Crossbred  pigs  have  some  advantages  over  their  purebred  parents. 
Crosses  of  lines  or  breeds  usually  improve  prolificacy,  survival)  growth 
rate,  arid  feed  efficiency  of  pigs,  and  miik  production  of  sows* 

Two  breeding  plans  for  obtaining  maximum  benefits  of  hybrid  vigor 

are  — 

*       Rotational  crossbreeding.    It  consists  of  using  purebred  sirla  of 
three  or  more  breeds  iii  a  regular  sequence  or  rotations    For  example* 
females  of  breed  A  are  mated  to  males  of  bread  B,  replacement females 
of  AB  cross  are  mated  to  breed  C  males  and  females  from  this  mating  (APS) 
are  mated  to  breed  A  males.    This  sequence  is  repeated  as  long  as  it  gives 
satisfactory  results. 

v       Crossbreeding,  and  rotating  unrelated  linos  within  a  purebreed  have 
similar  effects.     Rotating  lines  usually  results  in  less  vigor  than  a 
breed  cross  but  produces  greater  uniformity. 
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The  improvement  obtained  urder  either  system  depends  on  the 
genetic  merit  and  the  combining  value  of  the  stocks  used* 

Breed  associations,  State  and  Federal  experiment  stations,  and 
extension  services  sponsor  programs  for  evaluating  hog  performance  and 
quality.    They  also  help  hog  breeders  find  superior  breeding  stocks 


Swine  are  fed  chiefly  cereai  grains  and  their  byproducts.  To 
these  are_added  protein  and  other  supplements  to  provide  a  complete 
ration.    This  ration  must  contain  proteins^  carbohydrates,  fats,  minerals^ 
and  vitamins* 


Corn  is  the  jitaple  grain  used  for  feeding  hogs.    For  best  results^ 
supplement  corn  with  protein^  calcitan,  phosphorus,  and  pasture  or  legurae 
hays    For  growing  or  finishing  pigs,  mir  ground  or  shelled  corn  with  a 
protein-mineral  supplement.    Griming  corn  for  hogs  is  not  economical 
unless  y^u  plan  to  'use  it  in  a  complete  mixed  diet. 

tittle  wheat  is  fed  to  livestocks    However^  it  is  worth  about  3  to 
5  percent  more  than  corn  as  a  hog  feeds 

Good,  sound  barleys,  weighing  h6  pounds  or  more  per  bushel,  is  90 
to  95  percent  as  good  as  corn.    Lighter  weight  indicates  lower  feeding 
value.    Barley  shordd  be  ground  or  crushed.    Do  not  feed  scabbed  barley. 

Rye  seems  less  palatable  to  hogs  than  other  .grains.    Feed  it  ground 
with  corn,  wheat,  or  barley.    Bye  is  dangerous  if  it  contains  ergot.  Do 
not  feed  rye  to  pregnant  sows;  the  ergot  it  may  contain  induces  miscar- 
riages. 

Oats  differ  in  feeding  value— -on  the  basis  of  percentage  of  hulls. 
The  hulls  determine  weight  per  bushel."  You  can  use  oats  as  a  replace- 
ment for  com- -up  to  one -fourth  of  the  diet.    Ground  oats  equals  the 
replaced  corn  in  feeding  value,  pound  for  pound. 


FEEDS 


Grain 


bats    is  a  better  feed  for  growing  pigs  and  brood  sows  than  for 
market  hogs.    Because  oats  has  a  high  fib^r  content^  it  retards  exces- 
sive fat.    You  may  want  to  use  oats  in  the  final  stage  of  finishing 
market  hogs. 

Grain  sorghums  are  nearly  equal  to  corn  as  swine  feed.    They  are 
slightly  higher  in  protein  content  but  lower  ±n  fat*    Thresh  sorghum 
for  swine.    Grinding  grain  sorghum  seldom  pays  unless  it  is  handfed* 

Rice  is  rarely  fed  to  swine  unless  it  is  da^ged^  low-grade,  or 
exceptionally  cheapi  It  is  generally  worth  about  85  percent  as  much 
as  corni 


If  your  farm  is  located  in  an  area  where  grains  are  not  the  most 
plentiful  feed  crops,  you  can  substitute  other  feeds  in  the  ration. 

*  Cull  or  surplus  potatoes  are  occasionally  fed  to  swine.  Use 
potatoes —they  should  be  cooked— only  partially  to  replace  the  grain 
portion  of  the  diet.  _  For  best  results  feed  rib  more  than  h  pounds  of 
potatoes  per  pound  of  concentrates. 

*  Yams  or  sweetpbtatbesare  fed  tb_ swirie  principally  in  the  South. 
There |  yams  usually  outfield  corn.    Their  disadvantages  are  high  labor 
cost  arid  low  protein,  calcium,  arid  phosphorus  content.    They  may  be 
fed  cooked,  dehydrated,  or  raw. 

Often,  yams  are  harvested  by  grazing  or  hogging-of f .    For  best 
results  supplement  yams  with  about  one -third  to  one -half  of  the  usual 
allotment  of  grairij  plus  protein  and  minerals • 

*  Kolasses,  when  sufficiently  cheap,  cam  replace. part  of  the  grain 
in  swine  diets*    Molasses  and  sugar  are  U3ed  in  pelleted  feeds  arid 
starter  diets  for  baby  pigs* 

Hoot  crops— marvels  arid  turnips— -are  usually  relished  by  swirie. 
They  are  hot  economical  to  feed.  Good  legume  pasture  or  hay  ±j  more 
efficient* 
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Silage  is  not  suited  for  growing-finishing  pigs.    However,  when 
properly  supplemented  with  concentrates,  silage  is  a  good  feed  for 
pregnant  sows.    It  costs  less  than  conventional  all-concentrate  gesta- 
tion diets. 


Prosco  or  hog  millet  is  grown  mainly  in  the  extreme  northern  sec- 
tion of  the  West  North  Central  States*    It  is  worth  from  85  to  100  per- 
cent of  the  value  of  corn. 


Many  grain  byproducts  are  used  to  feed  swine  either  because  of 
special  nutrient  content  or  favorable  prices.    Some  byproduct  feeds 
are  hominy  arxi  gluten  meal  from  corn,  "oat  clippings"  and  feeding  oat- 
,meal,  wheat  bran  shorts  and  middlings,  barley,  rye  middlings,  rice 
bran,  and  rice  polish.    For  complete  information  on  feeding  value  of 
these  byproducts  you  should  consult  a  textbook  on  feeds. 

PROTEIN  SUPPLEMENTS 
Animal  Protein 


Pyproducts  of  milk,  cheese,  meat,  and  fish  are  valuable  protein 
supplements  to  grain. 

The  amount  of  liquid  skim  milk  or  buttermilk  needed  to  balance  a 
corn  diet  differs  with  size  and  age  of  the  pigs.    Weaning  pigs  (56  days 
old)  need  about  h  to  5  pounds  of  mi.Jc  product  to  each  pound  of  corn. 

Decrease  the  milk  to  3  pounds  when  pigs  weigh  50  to  75  pounds;  to 
2|  pounds  when  they  weigh  100  to  125  pounds;  and  to  1  or  2  pounds  after 
they  weigh  150  pounds* 

You  can  reduce  the  amount  of  liquid  skim  milk  or  buttermilk  by 
one-third  to  one -half  if  you  feed  barley,  wheat,  or  corn,  on  good  pas- 
ture.   Feed  U  to  6  pounds  milk  per.,  pound  of  corn  for  25-  to  30-pound 
pigs  $  3  pounds  of  milk  per  pound  of  corn  for  50-  to  100-pound  pigs; 
l|  to  2  pounds  milk  per  pound  of  corn  for  100-  to  200-pound  pigs. 

If  barley  or  wheat  replace  corn  or  corn  is  fed  on  good  pasture, 
reduce  the  amounts  of  milk  by  one -third  to  one-half. 
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Whey  is  worth  about  half  its  much  as  skim  milki    If  you  feed  whey 
with  corn  or  barley,  also  feed  a  vegetable  protein  concentrate— iinaeed 
meal,  soybean  meal,  or  cottonseed  meal. 

Condensed  or  dried  whey,  skim  milk,  and  but^rndik  we  good  pro- 
tein feeds.    They  are  generally  priced  too  high  for  economical  swine 
feeding,  except  in  starter  diets  for  early  weaning  or  creep-feeding 
baby  pigs. 

Use  meat  scrap  and  tankage  as  standards  for  evaluating  other  pro- 
tein concentrates. 

Meat  or  fish  byproducts  are  most  efficient  in  a  trio-type  supple- 
ment mixture.  This  mJjcture  combines  a  legume  hay  or  meal  with  protein 
concentrates  from  both  animal  and  vegetable  sources. 


Soybean  oilmeal  is  satisfactory  as  the  only  protein  supplement 
to  grain  if  pigs  are  fed  on  good  pasture  with  vitamin  Big  and  mineral 
supplements.    The  same  applies  to  drylot  feeding  if  a  legume  hay  or 
meal  is  included  in  the  diet. 

Cottonseed  meal  alone  is  unsafe  for  unrestricted  feeding  to  swine 
because  of  its  free  gossypol  content.    It  should  be  .fed  in  trio-type  v 
mixture  or  combined  with  animal  byproducts. 

Peanut  oilmeal  is  a  good  source  of  protein  for  swine©    If  you  feed 
it    as  the  only  protein  source,  add  calcium  to  the  ration  or,  you  can 
feed  peanut  oilmeal  with  an  equal  amount  of  fishmeal,  tankage,  or  meat 
scrap. 

Corn  and  soybeans  are  often  interplanted  for  grazing  or  hogging- 
bff.    However,  raw  soybeans  are  inferior  to  soybean  oilmeal  for  all 
classes  of  swine. 

Peanuts  are  grown  iri  many  sections  of  the  South  to  be  hogged -off. 
They  produce  soft  pork  but  are  usually  an  economical  feed.     Rate  of 
;ain  may  be  increased  by  feeding  a  supplement  such  as  tankage  with 
peanuts,  but  this  is  usually  hot  as  economical  as  hogging  off  with 
only  salt  and  calcium  supplements. 


Vegetable  Protein 
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Garbage 


Garbage  feeders  produce  more  than  2  million  market  hogs  annu- 
ally.   Sterilizing  or  cooking  garbage  to  prevent  spread  of  disease 
is  a  legpl  requireiSnt  in  almost  every  State  since  the  national  out- 
break of  vesicular  exanthema  in  1952. 

Garbage  differs  widely  in  feeding  value.    The  difference  is  due 
to  the  amount  of  inedible  refuse  in  the  garbage. 

iSarcasaes  of  garbage-fed  hogs  shrink  more i  dress  out  at  slightly 
lower  j#eights^  and  are  softer  tham  grain-fed  hog  carcasses.  However^ 
the  low  cost  of  the  feed  usually  makes  garbage  feeding  profitable. 


Minerals 


Minerals  are  necessary ^for  good  swine  nutrition.    The  jninerals 
most  needed  are ^  salt A  Miciura,  arri  phosphorus •    Lesser  amounts  of 
potassium^  sulfur^  iron,  and  manganese  also  are  required.    Under  nor- 
mal conditions  zinc,  cobalt,  copper,  magnesium,  and  iodine  are  essential 
in  only  minute  or  trace  amounts© 


Practically  all  feeds  contain  minerals •    The  combination  of  feeds 
that  you  use  determines  the  amount  of  extra  minerals  needed  in  a  ration. 
Because  pasture  and  harvested  forages  have  a  greater  percentage  of  min- 
erals than  seeds  and  their  byproducts,  pigs  fed  on  pasture  require  less 
extra  minerals  than  pigs  fed  in  a  drylot.    Animal  protein  concentrates 
are  also  rich  sources  of  minerals. 

Almost  any  mineral  mixture  that  supplies  the  needs  of  swine  and  is 
palatable  enough  to  be  eaten  freely  is  satisfactory.    For  example,  a 
mixture  of  ecuai- weights  of  steamed  bonemeaIr  ground  limestone  (or  air- 
slaked  lime),  and  salt  is  palatable.    It  cnitains  A.he  ma^or  elements 
needed  for  supplementing  grain  feeds.    Use  trsce-minevalized  salt  that 
will  supply  requirements  of  the  minor  elements. 
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Supply  . a  mineral  mixture  to  hogs  in  boxes  or  self-feeders  where  v 
it  will  be  dryjand  available  at  all  tires.    It  may  be  mixed  with  the 
protein  part  of  the  diet,  or  incorporated  at  about  ls£  percent  into 
a  complete  mixed  diet. 

Where  hogs  are  raised  in  barns  or  on  feeding  platforms,  mineral 
supplement^  are  iitqportant.    Frequently  it  is  profitable  to  design 
mineral  mixtures  tu  fit  the  diets  of  different  ages  and  classes  of 
/  swine.  / 


Vitamins 


Host  feed  combinations  used  for  swine  feeding  are  adequate  in  most 
of  the  essential  vitamins. 

Swine  fed  pasturfe  or  fresh  green  forage,  get  practically  all  the 
vitamins  they  need  except  D  arid  Pj-g*  _  If  you  cannot  feed  fresh  forage, 
include  dehydrated  alfalfa  real  or  high-quality  legume  hay  in  the 
ration* 

To  supply  vitamin       add  small  quantities,  of  A  and  D  feeding  oil 
or  irradiated  yeast  to  the.diet.    Or,  expose  the  pigs  to  sunlight. 
To  supply  vitamin  E^g-j  include  ah  animal  protein  concentrate  or  a  vit- 
amin        supplement  in  the  diet. 

Antibiotics 


Feeding  small  amounts  of  antibiotics  to  swine  stimulates  growth 
and  slightly  improves  feed  use*    These  drugs  reduce  the  numbers  of 
organisms  that  cause  diarrhea  and  other  digestive-system  infections. 

Antibiotics  are  most  effective  with  animals  under  stress  from 
infections  of  the  digestive  tract*  with  younger  animals,  and  with 
animals  whose  aiets  have  low  nutritive  value.    The  antibiotics  that 
give  the  best  results,  and  are  most  widely  .used  for  swine  feeding  are_ 
chiortetracyciine  (  A  areolae  in)  ^  oocyte tracycline  (Terramycin),  penicil- 
lin, and  bacitracins 

/ 

/ 
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Water 


Hogs  need  a  plentiful  supply  of  water.    The  amount  they  drink 
depereis  on  size,  age^  class  of  animal^  arid  clijhate,    A  weanling  pig 
(35  pounds)  may  drink  about  one-half  gallon;  a  market  hog  (220  pounds), 
about  1;  gallbrij  arid  a  brood  sow  suckling  a  litter,  about  5  gallons^ 

For  watering  troughs,  allow  a  sow  and  litter  (or  20  weanling  pigs) 
at  least  1  foot  (on  both  sides)  of  trough  space*    The  animals  should 
receive  all  they  want  to  drink  at  least  two  or  three  times  a  day* 

A  supply  of  running  water  or  an  automatic  syster  is  laborsaying. 
An  automatic  cup  will  take  care  of  about  as  many  hogs  (ij  sews  and 
litters  or  80  weanling  pigs)  as  U  feed  of  water  trough, 


FEEDING 
firood  Sows 

t 

_  To  do  her  job  efficiently,  a  brood  sow  needs  an  adequate  diet. 
Overfeeding  is  more  haraful  than  underfeeding.  Either  practice  may- 
be as  harmful  as  a  severe  diet  deficiency. 

Pregnant  sows  usually  are  handfed  a  complete  mixed  feed,    Or,  jrbu 
can  scatter  ear  or  shelled  corn  to  encourage  exercise  and  put  the  ground 
part  of  the  rati  on  in  troughs  •    If  you  feed  this  way,  allow  a  gilt  about 
1  3/h  pounds  of  diet  daily  for  each  100  pounds  live  weight  if  she  is  in 
a  small  lot,  or  2  pounds  if  in  a  large  lot,    A  comparable  sow  allowance 
is  l;  to  1^  pounds  of  complete  diet  per  100  pounds  of  body  weight. 

The  average  g? It  or  sow  requires  about  3/h  ton  of  complete  prefixed 
diet  for  vhe  gestation  period  (hand  fed)  and  a  lactation  period  (self 
fed)  of  56  day$c 

In  estimating  feed  requirements  for  a  herd  of  <swihe>  allow  approx- 
imately 1  ton  of  feed  for  each  litter  of  pigs  reared  to  56  days,  Thifl 
will  provide  feed  for  boars,  creep  feed  for  pigs^  and  an  allowance  for 

some  delays  in  getting  sows  settled, 

r/ 

For  self  feeding  during  pregnancy,  mix  ground  legume  hay  or  other 
bulky  feed  toi>rev^nt  excessive  fattening  of  the  sows.    This  practice 
reduces  labor  cos£s  and  produces  more  unif onn  conditions  of  the  sows,  • 
However,  more  total  pounds  of  feed  are  required  in  this  system  and,  for 
economy,  you  will  need  a  cheap  source  of  -  bulky  feed. 
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;jiotbe~  #v;onoMcal  gestation  diet  for  s ows  includes  well-eared  corn 
silage 9  i  piotaiu  sup^lemnt,  minerals,  and  vitamins. 


Cooking  and  Soaking  Feeds 


Cooking  does  hot  improve  the  feed  value  of  grains*  However, 
potatoes^  soybeans^  field  beans,  ard  velvetbeahs  are  improved  by  cook- 
ing* 

The  protection  gainst  spread  of  disease  isore  than  compensates  for 
any  slight  decrease  in  feeding  value  due  to  conking  garbage • 

When  it  is  impractical  to  grind  whole  barley  or  oats  or  when  corn 
becomes  very  hard  and  dry^  these  grains  may  be  slightly  improved  in 
feeding  /aiue  by  soaking* 


Methods  of  Feeding  Pregnant  Sows 


Hand  Fed 


Faed 


Pounds 


Mixed  Diet  (concentrate) 

or 


Corn  bilafe j  supplement 


Corn  silage 


Yellow,  shelled  corn  (ground) 


12 
1 
1 


Self  Fed 


Mixed  diet  (high  fiber) 


For  2k  hours  after  farrowing  give  the  sow  water  bat  no  feed. 
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TAKE  1^-1 


ales  of  gestation  and  lactation  diets 


Ingredient 


Gestation 


Hani  fed  0, 

(complete  ( suppliH  (com- 
ment) I  plete) 


Tellow  shelled  corn  (ground) 

Corn  co be  (ground)  ■  j. 

Oats  (ground) —  

Standard  Middlings  

Molasses^  liquid  blacks trap— -------- 

Alfalfa  Meal  (dehydrated  1?  percent) 
Tankage  or  neat  and  bone  scraps— —-f 

Fishjieal—  —  

Soybean  meal  

Linse«ui  Meal  ■  


Olaubrr's  salt  —  

Ground  limestone — — —  ~~ 

Bonemeal— —— — — ^ 

Salt ,  trace  mineralised------ 

Antibiotic  plus  -fltamin  B^---~--~ 
Vitamin  ]^--~--~-------^~-.--.^... 

Vitamin  A  and  D  supplement---------- ?■ 

B-^itamln  supplement--------.--------  - 


mtal------------ 


Percent 

55.00 
15.00 


15.00 
3.60 
3.60 
3.60 
2.kG 

~  .20 
.hO 

Jo 

,30 


Silage  'Self^fsd  ( 


Percent 


15.00 
25.00 

52.90 


li.OO 
2.00 

.50 
.25 


Percent 

la.  25 

35^06 


5.00 
5.00 
6.00 

6.00 


1.00 

.50 

.10 

.05 

.10 


— — h~ — h 

ICO « 00  [100,00  j_ 


Lacta- 
tion, 
com- 
plete) 


lOO.PO 


Percent 
U5.00 

15.00 
17.50 


5i00 
3.60 
3.60 
7.5b 


,90 
.90 
.70 

-.ic 


100*00 


TABLE  2— Guide  for  preparing  a  p remixed  diet  for  pigs* 


Age  of  Pigs 

Approximate 
Height  of 
Pigs 

Crude 
protein 

Corn 

Prbteih- 

nrLneral 

mixture 

Weeks: 

It'to^.:::::::: 

20  to  25  

Founds 
30  to  90 
90  to  160 
160  to  225 

Percent 
16 
Hi 
12 

Farts 
75 
83 
92 

Parts 

25 
17 
8 
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Oh  the  second  day  start  her  at  about  2g  to  2f  pounds  of  feed  arii 
increase  the  ration  each  day;    She  should  be  on  full  feed^  about  10  to 
12  pounds,  when  the  pigs  are  a  week  to  1G  days  old*    As  soon  as  she  is 
oh  full  feed,  the  sow  may  be  self  fed; 

\tf  a  sow  becomes  constipated  or  suffers  digestive  upset,  she  may 
fail  tb,  cone  into  milk  or  the  milk  may  disagree  with  the  pigs;  For 
mild  constipation^  give  a  warm  slop  of  wheat  bran  or  of  the  regular 
diet,  containing  e  tablespoon  of  Epsom  salt  or  Glauber  salt. 

In  cases  of  severe  constipation  or  complete  milk  failure,  call  a 
veterinarians    Proper  medication  may  save  the  pigs  and  the  sow. 

If  orphaned  pirs  have  received  colostrum  fo~  a  day  or  two  before 
the  death  of  the  sow,  tney  arc  fairly  easy  to  rear.    You  can  feed  them, 
with  a  bottle  and  nipple  or  a  shallow  pah. 

uithout  coiostrum  very  rigid,  sanitation  is  needed  to  save  the  pigs. 
Use  whole  cew's  milk  or  goat's  milk  as  a  substitute  for  sow's  milk, 
Conmercial3y  prepared  sow's  milk  substitutes,  sometimes  called  synthetic 
milk,  have  nearly  disappeared  from  the  market  but  can  be  useful  for 
feeding  orpha::  plgs^  if  available. 

The  easiest  way  to  rear  orphan  pigs  is  to  -  ^<  them  on  another  sow 
that  has  extra  functioning  teats  ~.    This  is  pra:.     ;al  only  if  the  foster 
sow  fair  owed  within  a  day  or  two  of  the  natural  dam. 


Growing-Finishing  Hogs  : 

Pigs,  front  weaning  to  market,  may  be  self  fed  either  a  free-choice 
diet  or  a  complete  premix.ed  diet; 

The  free-choice  ;v*thod  saves  grinding  and  mixing  costs.    The  dis- 
advantages are  a  slightly  lower  rate  of  gain  and  less  uniform  carcass 
finish.  '  For  the  best  results  with  this  system,  the  grain  portion  and 
the  supplerent  should  be  as  near  the  same  in  palatability  as  possible. 

Feeding  a  complete,  premixed  diet  increases  cost  per  pound  of  _ 
di^.6— the  cost  of  grinding  and  mixing.    However,  it  increase  rate  of 
gain  arid  improves  feed  efficiency.    This  increase  is  not  always  enough 
to  overcome  the  added  cost. 

The  premixed  diet  permits  ij^for^  distribution  of  additives  arxi 
usually  produces  more  uniform  carcasses  than  if  the  hogs  are  fed  a 
free -choice  diet* 
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A  further  advantage  of  this  diet  is  that  it  allows  changes  in 
ingredients.    You  cari_ alter  levels  of  fiber  arid  protein  according  to 
heeds.  Tor  carcass  Quality  in  market,  hogs*    The  formulas  in  table  2  are 
suitable  for  f reding  pigs  56  days  bid*    You  can  feed  them  these  mix- 
tures until  the  pigs  reach  market  weight  of  approximately  225  pounds* 

This  protein-nineral  mixture  may  be  self  fed  in  a  separate  com- 
partment with  ground,  shelled,  or  car  corn*    Or,  kyou  can  make  it  into 
a  complete  pre  mixed  diet  by  combining  with  the  proper  proportion  oi% 
grain. 

The  amount  of  feed  needed  to  add  100  pounds  of  live  weight  to  a 
hog  i.?  important  for  economical  production  of  pork*    This  amount  is 
influenced  by  age,  health,  inheritance  of  the  anirrki^  quaiicy  and  com- 
bination of  feeds,  arid  environment* 

Feed  efficiency  has  been  improved  by  the  breeders f  emphasis  on 
changing  f ror*  fat  type  to  meat  type  as  well  as  by  advances  in  feeding 
"kriow-hCT/."    For  instance,  the  complete  diet  just  listed,  when  fed  to 
gocx?  ri   t-type  weanlings,  has  consistently  prodnwd  100  pounds  gain 
up  tc  -;arket  weight  of  225  pounds  for  less  th*m  356  pounds  of  total 
diet     Since  these  records  were  compiled^  a  number  of  cases  have  been 
h^d  of  less  than  300  pounds  of  feed  producing  100  pounds  of  live 
\t  gain  in  hogs* 


Hog  Pastures 


Gond  pasture  -supply  a  large  part  of  the  protein,  calcium, 
and  vit^ins  neoded  by  swine. 

Tiih  advances  in  swine  nutrition,  we  are  less  dependent  on 
pasture  for  growing  -finishing  hogs.    However,  pigs,  interscutf  for  feed- 
ing out  on  concrete  j)r  in  a  drylot,  will  do  better  if  tJey  have  h^d 
access  to  abundant  green  grazing  during  their  suckling  period. 

Proper  pasture  use  benefits  both  pasture  and  ciimsis.  Grazing 
too  closely  hai^  the  plants,  Undergrazing  allows  fjsnts  to  mature 
too  much  and  lowers  their  digestibility  and  palatabiiity. 

Pasture-*  differ  widely  in  carrying  capacity,  the  anpunt  depending 
on  the  crop,  so ^1  fertility,  and  climate .    A  fair-tc-good  pasture  may 
carry  five  to  fifteen  160-pound  hogs  per  acre. 
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Hogs  on  pasture  diatoibute  ian»e  mif ornly*    Thie  saves  the 
expena^of  romovtng  tad  distributing  manure — a  considerable  coat  in 
platform  feeding. 

Pastures  are  more  y^uabie^  f  ar_the  Seeding  herd  than  f  or  other 

classes  of  swinei  fhe^feed  requirements^ of  pregnant^eows  can  be 

nearly  filled  by  pasture  under  ideai^ conditions •    NoSnaHy^  you  oah 
count  on  grazing  to  replace  one-third  to  two-thirds  of  a  gestation 
diet. 


Pig-Eating  Sows 

/ 

/ 

Killigf:  and  eating  pigs  iff.  moat  often  seen  among  animals  that 
are  nervous  and  excitable.    Ocoaaionally these  sows  «fc  one  or  more 
pigs.    Sons  causes  of  gig  eating  are  extreme  heat,  excessive  pain  in 
difficult  or  protracted  labor,  or  loud  noises. 

Pig  eating  also  occurs  among  sows  having  diet  deficiencies  or 
suffering  fro*  acute  constipation  due  to  faulty  feeding  or  manage- 
ment. Although  you  cannot  always  prevent  pig  eating,  good  feeding 
and  management  should  reduce  it  to  a  minimum. 


Permanent  Pastures 


In  moat  hog-growing  actions,  farmers  plan  to  keep  hogs  mainly 

on  :>crT?v?  nent  pastures » 

Plac*  drily  a_  ?,imit*tf  at?*  bar  of  hogs  on  permanent  pasture.  Allow 
the  pasture  enough  groA;;.  fcd  produce  a  crop  of  hay. 

Plants  utsd  for  pcr^nent  pastures  are  alfalfa,  Ladino,  red  clover, 
aiaike,  whit£  clover,  bluegrass,  bir  clover,  bermud&FTose,  lespedexa, 
cai-petgrass,  crft'ograas,  arid  ^^llia  gr&aa. 

The  first  sir  are  used  in  the  northern  Lalf  of  the  United  States. 
Blue  grass  and  white  clovar  often  are  grown  together.  Timothy  often  is 
grown  v'Mi  reJ  blorerV    *he  other  plants  are  grown  in  the  8buth. 
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Of  all  the  permanent  pasture  plants  alfalfa  and  Ladino  are  prefer- 
red by  hog  raisers.  Where  these  plants  thrive i  no  other  permanent  pas- 
ture is  necessary. 


Feeder  Pigs 


Larger  farms ^specialization,  and  laborsaving  systems  have  increased 
the  demand  for  feeder  pigs.    Many  grain  producers  can  fit  a  large-scale 
feeding  operation^nto  their  program.    However,  they  cannot  devote  enough 
time  to  manage  a  breeding  and  farrowing  system  profitably. 

Weanling  pigs  6  to  10  weeks  old  weiring  30  to  50  pounds  usually  are 
sold  as  feeders.    Garbage  feeders,  drug  iwnufacturers^  end  farmers  who 
wish  to  graze  or  "hog-off"  crops  usually  buy  larger  pigs,  up  to  120  pounds 

Most  of  the  demand  is  from  the  Coin  Belt  and  small  grain  areas. 
However,  the  Southe rr*  States    have  increased  their  swine-feeding  oper- 
ations and  are  competing  for  feeder  pigs. 

Many  areas  grow  abundant  grazing  and  forage  crops  but  produce  only 
enough  grain  for  breeding  stock  on  good  pasture.    !:rhenever  these  con- 
ditions exist  and  you  apply  approved  methods  of  breeding,  feeding^  and 
management,  producing  feeder  pigs  should  be  profitable. 


Temporary  Pastures 


You  can  use  temporary  pastures  on  nearly  every  hog  farm. 

Every  barnyard  ard  small  lot  where  hogs  are  kept  should  be  disked 
arri  seeded  at  least,  once  a  y^ar.    Disking  once  a  ysar— or  better  twice 
a  year— does  not  allow  time  for  the  permanent  pasture  plants  tc  get 
established. 

The  grassei;  common  iri  permartei  t  pastures  are  not  useful  in  tem- 
pera r>  pastures  where  there  are  hogs  enough  to  keep  tie  pasture  closely 
grazed. 
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The  most  common  temporary pasture  plmte  are  rye <|  bats ^  wheat*  _ 
rape,  soybeans*  arid  cowpeas.  These  plants  are  grown  in  most  parts  of 
the  United  States. 

Seed  temporary  pastures  rieavier  than  a  fiald  for  a,  grain  crop. 
Sow  rye  in  the  fall. 

In  the  northern  areas,  graze  rye  until  it  is  covered  by  snow  or 
made  worthless  by  freezing.    Ry*  may  be  grazed  from .early  spring 
until  hot  weather.    If  the  growth  is  rank,  clip  it  with  a  mowing 
machine.    Set  the  cutting  bar  as  high  as  possible.    In  the  South, 
rye  may  produce  good  grazing  all  winter. 

In  sections  where  jwiriter  bats  is  grown,  the  crop  can  be  pastured 
the  same  way  as  rye.    In  the  North,  oats  sown  in  the  spring  makes  a 
good  temporary  pasture*    The  pasture  period  is  short • 

Rape  is  often  sown  with  oats  iri_the  spring;  Dwarf  Essex  is  the 
variety  of  rape.    You  can  ^eed  rape  from  ea^ly  spring  until  summer. 
When  rye  is  6  to  10  inches  high,  graze  it  heavily.    It  will  keep  grow- 
ing and  produce  good^  succulent  feed. 

Cowpeas  and  soybeans  are  sown  in  the  spring.    Sometimes  they  are 
olanted    together.     Of  the  two,  soybeans  will  usually  make  the  best 
hog  pasture.    Select  a  variety  that  produces  a  large  quantity  of  foliage 
arid  does  well  in  your  locality; 

Turn  in  the  hogs  when  the  plants  are  6  to  8  inches  high.     If  the 
hogs  eat  the  pasture  down,  take  them  out  for  a  while  to  permit  the 
plants  to  recover. 

Dallis  grass  grows  well  in  loiv,  moist  lands,  mi.\es  a  good  growth 
in  warm  weather,  and  withstands  close  grazing  well. 

Sweetclover  grows  rapidly  in  good  soil.    Graze  it  heavily  to  keep 
the  plants  from  becoming  tough  and  fibrous. 


MANAGING  STOCK 
Boars 


To  insure  maximum  usefulness  of  a  boar — 

He  should  have  the  run  of  a  gocd-aize  lot  or  pasture,  convenient 
to  the  breeding  pen,  but  away  from  lots  in  which  breeding  sows  are 
kept*  -  ■   .  - 
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He  should  receive  all  the  feed  he  will  cleari_  up  tvd.ce  daily  during 
a  heavy  breeding  season.    Feed  him  the  same  diet  listed  for  pregnant 
sows* 

If  he  is  used  only  lightly  after  a  long  or  a  heavy  brewing  season^ 
reduce  his  feed  to  keep  him  in  a  strong j  thrifty  condition. 

In  harii -mating |  allow  a  young  boar  to  serve  only  one  sow  each  day^ 
except  in  emergencies*    Limit  ah  aged  boar  to  this  same  schedule  if  he 
is  used  through  a  long  breeding  season.    A  strong^  vigorous  boar  may- 
serve  two  sows  a  day  when  necessary* 

Service  on  each  of  two  consecutive  days  will  increase  Average  num- 
ber of  pigs  born  by  about  brie  pig  per  litter*    Have  your  boars  use  a 
breeding  crate  at  least  enough  so  that  they  beccwie  accustomed  to  iti 
The  crate  is  Useful  for  mating  females  and  males  of  different  sizei 

Group  mating  is  practiced  where  group  standards  core  emphasized 
rather  than  individual  excellence^    Under  a  group  system,  run  two  or 
more  boars  with  a  group  of  sows  to  settle  ail  the  sows  as  quickly  as 
possible. 

The  advantages  of  group  mat ing  are  maximum  litter  size  and  minimum 
labor*    Heavy  service  for  short  periods,  followed  by  rest,  apparently 
is  hot  harmful  to  boars • 

Sows 


Select  only  growthy,  we  11 -developed  gilts  for  breeding.    They  can 
s?^?^?  ^red  at  §  In9n^s  °f  aBe»    Gilts  bred  too  young  may  produce 
fewer  and  smaller  pigs.    Also,,  they  may  have  more  trouble  at  farrowing 
and  fail  to  grov;  out  well  after  weaning  their  first  litters. 

 Under  the  gilt-litter  system,  all  gilts  arc  finished  for  market 

immediately a "ter  weaning  their  first  litters.    Tromediat^e  iwxeting 
avoids  the  i»r  price  usually  paid  for  older,  heavier  sows. 


Under  other  systems,  gilts  are  kept  for  a  definite  number  of 
additional  litters,  or  for  at  long  as  they  produce  profitable  litters. 

 If  they  a^e  fed  an  adequate  diet,  pregnant  gilts  have  little 

interruption  in  their  growth. 

Sows  nay  produce  two  litters  a  year  up  to  6  or  8  years  of  age,  or 
even  longer .    eo/rawrciai  producers  frequently  discard  sows  at  earlier 
ages  than  6  or  H  yearsi    Purebred,  breeders  usually  retain  the  best 
feralcs  as  long  as  they  remain  productive. 
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A  sow  usually  will  farrow  in  112  to  ±15  days  after  she  is  fired  i 
Spnwtimes_  she  will  farrow  in  110  days  or  she  may  go  a  few  days  over 
11$.    jfy  keeping  a  careful  service  record  you  will  know  when  to  ex- 
pect the  pigs. 

Care  of  Sows  During  Pregnanc;- 

Breetfirig  and  pregiiancy  are  the  moist  critical  events  in_profitable 
swine  production.    Sows  that  are  too  fat  at  breeding  time  have  smaller 
litters  than  thrifty  sows.    For  best  results,  the  sow  should  be  in  good 
condition,  neither  thin  nor  excessively  fat. 

"Flushing, "  or  increasing  the  ration,  for  1  to  3  weeks  before  mat- 
ing tends  to  increase  ovulation  and  conception  rates c 

Host  important  during  pregnancy  are  adequate  nutrition,  exercise, 
and  protection  frcm  extreme  cold  or  heat.    Improper  feeding  may  cause 
deaths  among  unborn  pigs  or  poor  survival  of  the  newborn  pigs.  Fo2* 
information  on  feeding  sows  during  pregnancy  see  page  24?. 


Gare  of  Sows  and  Pigs  at  Farrowing 


About  3  days  before  farrowing,,  move  the  sow  to  scrubbed,  disin- 
fected quarters.    1  ash  her  with  soap  and  warm  water,  especially  her 
teats.     Pla^.e  light  bedding  in  the  farrowing  pen.    You  can  use  short 
hsy  or  straw,  peanut  hulls,  or  shavings . 

Jteduce  feed  by  one-third  to  one-half  and  watch  for  any  sighs  of 
digestive  upset  or  constipations 

Normal,  healthy  sot  s  usually  farrow  without  trouble*    If  pos- 
sible, an  attendant  should  be  on  hand  to  give  any  needed  assistance* 
The  assistance  may  be  preventing  pigs  from  chilling,  warming  them  after 
chilling,  or  starting  breathing  in  apparently  lifeless  pigs— by  clear- 
ing the  membrane  covering  ths  head  and  massaging  or  slapping  the  pigfs 
sides. 

After  delivery,  paint  the  navel  cords  with  iodine*    Slip  the  tips 
>f  the  eight  tusklike  needle  teeth,  and  weigh  and  earmark  the  pigs* 
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 The  sow  needs  i»  feed  Tor  2li  hours  after  farrowing;  she  should 

have  water  available.    If  at  all  possible,  feed  the  sow  in  an  enclos- 
ure separate  from  her  .pigs..  Hiis  will  prevent  her  from  crippling  or 
killing  the  pigs  accidentally  tfiile  her  attention  is  centered  on  eating. 
It  also  aids  in  keeping  the  farrowing  pen  clean  because  droppings  are 
usually  voided  during  the  feeding  period* 

Sows  and  Suckliriv  ^xge 

Some  sows  are  rot  able  to  nurse  all  the  pigs  they  bear  in  one  lit- 
ter.   If  the  sow  does  rib t_  have  9  functioning  teat  for  each  pig,  transfer 
pigs  to  a  sow  with  a  small  litter *    Rake  the  charge  as  quickly  as  possible. 

Transferring  prigs  is  rarely  possible  after  more  than  3  or  h  days, 
because  teats  that  are  not  '&\         dry  up.    Also  the  odors  of  the  pigs  must 
be  masked  until  they  are  accapved  by  the  foster  dam.    To  do,  this  put  a  lit- 
tle oil  or  some  harmless  ointment  on  both  the  sow's  own  and  adopted  pigs. 

Unless  newborn  pigs  have  almost  immediate  access  to  the  soil,  you 
mist  plan  a  way  to  prevent  anemia.    Several  procedures  for  preventing 
anemia  are — 

*  Provide  clean  soil  or  sod; 

*  Spr^r  or  paint  copperas  (ferrous  ^alfate)  solution  on  the  sow's  udder j 
«       Dose  with  iron  tablets; 

*  Use  intramuscular  injections  of  iron-dextran  compounds . 

Increase  tte  sow's  ration  gradually  until  she  is  on  full  feed—when 
pigs  are  a  week  old.    Feed  the  pig  a  starter  diet  in  a  "creep."  Litters 
from  poor-milking  sows  are  greatly  benefited  by  creep  feedings;  litters 
from  the  better-milking  sows  do  ^not  eat  enough  to  increase  feed  costs. 

Pen  the  sow  and  litter  separately  for  at  least  1  week^  preferably 
for  2  weeks. 

 Do  not  pen  jnore  than  four  sows  and  litters  together  under  centred 

farrowing  house  conditions.    All  trie  pigs  should  be  within  1  week  of  the 
same  age. 

Limit  the  sows  and  pigs  on  one  pas,tur 3  to  six  sows  with  litters. 
These  litters  should  be  within  2  weeks  of  the  same  age. 
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.  .Procedures  that  may  cause  stress  in  young,  pigs  are  cas.tration^ — :  

vaccinfliiorii  waning*  and  ireming.    Schedule  these  so  that  one  stress 
effect  wsar**  'ff  before"  the  pig  is  subjected  to  another. 

Unless  r.al*  pigs  are  to  be  considered  later  for  breeding,  cas- 
trate then  during  the  first  U  weeks*    Pigs  wearied  atl*  weeks  of  age  or 
less  should  be  castrated  at  least  1  week  before  or  after  weariirig.  .  Tiie 
operation  should  not  follow  cholera  vaccination  by  less  than  3  weeks-,. 

Weaning 

Kost  pigs  ?*re  weaned  at  5  to  B  weeks  of  ape,  underlet  2-litter-per- 
yoar  system.    Reduce  or  cut  off  the  sow's  feed  for  2  rr  } i  days  before 

weitning  to  reduce  milk  flow  and  prevent  udder  trouble  .  Tnen  remove  the 

sc>j  from  the  pigs*  leaving  the/  pigs  in  familiar  quarters^  . 

If  a  Jew's  udder  appears  Voo  full,  return  her  to  the  pigs  for 
6ucklirigj  then,  remove  her  immediately*  A  second  return  rarely  is 
necossary,  except  with  very-. heavy  milkers, 

/  •   ______ 

TA  cow  normally  wi31  come  in  heat  3  to  7  days  after  the  P'lgs  are 
weaned j    She  may  be  ored  again  at  this  time, 

■* 

Re  c  rd  *e  epi 

Every  p  j  g  should  be  marked  at  farrowing  tim£'.    The  most  sat- 
isfactory method  is  to  notch  the  oar:;.    Eurtags  of  dii  ferent  kinds 
ore  used,  but  they  tear  out  easily  and  the  identity  of  the  pig  is  ■; 
lostu 

.  _  .  .  .  $  . 

Even  if  hegs  arc  raised  for  market  only,  earmarking  the  pigs 
will  help  you  select  animals  for  the  breeding  herd.    Heliaole  selec- 
tion can  be  nade  only  i i  The  -dam  of  the  pig  is  known  and  her  performance 
record  ir.  examined. 

5ma31,  sharps  side~cCut*tir.LL  pliex^s  do  a  good  job  of  ear  no  tching. 
For  permanent  marks,  notch  .deeply  enov.gh  to  include  a  part  of  the 
cartilage  of  the  ear*    Notch  th^  e       soon  after  the  litter  is  farrowed, 
when  wounds  heal  quickly*  .  . 
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...  ;  Record  every. breeding  date.  If  you  know  the  farrowing  dates*  you 
will  be  ready  to  feed  and  care  for  the  sowi 


.  Sanitation 


Results  fn     the  best  methods  of  feeding  and  breeding  wili  be 
lessened  by  faulty  sanitation* 

Keep  fiar rowing  houses  and  sleeping  quarters  clean.    Change  bed- 
ding frequently;  do  not  let  it  become  wet  and  foul* 

The  floors  of 'the  sleeping  quarters  become  dusty.    Dust  is 
irritating  to  the  lungs  and  may  carry  eggs  of  parasites.    To  reduce 
dust  irritation  clean  the  floors  at  least  every  2  or  3  weekc;  disin- 
fect floors  with  a  3-percent  solution  of  cresol.    To  make  this,  add  1 
pint  of  cresol  to  h  gallons  of  water., 

Apply  lime  to  pens  and  feeding  places  that  are  not  Slowed.  The 
lime  will  aid  in  drying  damp  places  and  in  disinfection.    At  least 
twice  a  year,  disk  all  harvard?  and  lots  or  temporary  pastures  on 
which  hogs  are  kept.    If  you  plant  pasture  crop*  in  thei^  lots*  the 
disking  will  be  profitable  in  two  ways.  ; 


Cooling  Equipment 
Shade 


.Hoes  suffer  greatiyfrom  heao  and  must  have  shrfte.    Keep  far- 
rowing and  individual  hoghoupes  closed  in  hot  weather  to  prevent  hogs 
fVcb  *yiit»   in  thems    Hogs  will  seek  shade  even  if  they  euffoc ite  in  * 
it.    tr^r  ^0^^  good  shade  if  there  are  enough  of  <;heir.  ir.  a  c?.ump. 
Orj  y  v  j  c*n  make  a  satisfactory  shading  structure  with  a  framework 
About  h  feed  hiph,  made  of  posts  or  poles.    Cover  the  lop  viui  hay, 
etrawi  or  weeds  to  a  depth  of  at  least  2  feet.    When  dust  accumulates  5 
under  i '.lis  shelter,  wet  the  coverings    The  water  will  drip  through  to 
fettle  the  dust  and  cool  the  air  in  the  shelter.    You  can  make  per- 
manent shelters  from  pipe,  lumber,  and  conventional  roofing  materials,  , 
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Farrowing  Quarters  aixl  Equipment 


Farrowing  quarters  are  varia^  \6ns  of  three  basic  patterns • 


The  conventional  "square"  pen  should  be  at  least  6  by  8  feet  for 
a  gilt  and  8  by  8  feet  for  a  sow. 

The  farrowing  crate  or  stall  sftould  be  20  by  72  inches  for  a 
gilt;  2k  by  Bh  inches  for  a  sow.    Provide  ah  enclosed  area,  18  inches 
vide  oh  each  side  ojj§  the  crate  for  the  pigs* 

    V 

Ah  ideal  temperature  for  the  farrowing  house  is.  55°  to  65°F.*  'if L 
the  house  is  adequately  ventilated.  Because  a  newborn  pig  chills  eaail 
you  should  provide  some  heat  in  the  protected  resting  area-  for  at  least 
5  days. 

The  amount  of  heat  needed  differs.    It  may  be  supplied  by  infrared 
heat  lamps  or  electric  hovers  in  cold  climates.    Use  a  100-  to  125-watt 
light  bulb  mount ?d  in  a  metal  ^ref lector  in  warm  climates.    Because  any 
typ?  of  heating  device  can  cause  fire,  you  should  install  heaters  care- 
fully. 

Sometimes  it  is  difficult  to  make  the  farrowing  house  temperature 
suit  both  sows  and  newborn  pigs.  -  Extreme  heat  and  humidity  may  have 
worse  effects  on  farrowing  than  extreme  cold.    The  nervous*  restless 
behavior  of  sows  suffering  frdm  heat  usually  causes  pig  deaths  from 
mashing,  / 

Occasionally,  a  sow  may /be  lost  from  heat  prostration^  In  the 
warmer  sections  of  this  country  avoid  farrowing  in  midsummer  unless 
you  provide  some  method  of  cooling  the  sows* 


Fa^bwihg  hot^e  plans  suitable  for  a  partic      *  locality  may  be 
obtained  through  yotgvState  extension  service*  cc  .ity  a^icultural 
agents,  or  farnr  adviser* 

If  the  sows  have  been  running  on  pasture^  move  them     jzieahp  neu 
pasture  and  allow  them  to  farrow  there,    ''ash  the  sows  before  you  move 
them  if  the^^e  encrusted  with  mud  and  filth*    This  method  is  "suitable 
for  fall  farrowing  in  practically  ail  States*    It  is  also  suitable  for 
spring  farrowing  in  the  South* 
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Wallows  and  Spririfcl©rs 


;  A  hog  wallow  made  of  concrete  arid  located  in  a  convenient  shady 

place  is  a  benefit  in  a  hoglot.  A  mud  wallow. made  by  the  hogs  rooting 
a  hole  in  the  lot  or  pasture  is  a  nuisance.    It  should  be  filled  in* 

__it  is  impossi    -5  to  keep  a  mud  wallow  sanitary.    Hogs  may  drink 
the  water  that  has  become  •stagnant  arid  foul. 


  The  concrete  wallow  should  hold  U  tb_6  irichesaf  water*    Clean  it 

frequently  and  refill  with  fresh  water.    To  control  lice,  spray  enough 
crude  oil  to  form  a  thin  layer  on  the  water.    Apply  th^  spray  about 
every  10  days.  ' 

If  you  feed  hogs  on  concrete  and  a  pressure  water  system  is  avail- 
able, use  fog-type  sprinkler  nozzles,  such  as  those  used"  in  fuel  oil 
burners,  to  cool  the  hogs. 


HEALTH 


Awmg  the  important  health  problems  of  hogs  nre  cholera^  erysip- 
elas, brucellosis,  tuberculosis,  necrotic  enteritis,  atrophic  rhinitis, 
awine  influenza,  arid  parasitic  infestations • 

A8k_your  veterinarian  about  the  preferred  times,  methods^  and 
number  of  vaccinations  arid  other  disease  control  measures  needed  to 
protect  swine  in  your  area* 


Diseases 

 If  you  suspect  that  one  of  your  animals  is  sick,  ask  your  veteri- 
narian about  the  proper  treatment* 

Because  some  livestock  arid  poultry  have  diseases  that  can  be  trans- 
mitted to  hogs,  the  danger  of  permitting  hogs  to  eat  carcasses  outweighs 
the  feeding  value.    Carcasses  should  be  burred  or  buried* 


Parasites 


 Parasites  affect  hogs  of  *?.l  ages  arid  m^  cause  death—parti  cularly 

among  small  pigs— reduce  vitality >  iifd  prevent  best  arid  most  rapid  devel- 
opnenti 
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The  most  damaging  interna1,  parasites  are  large_  roundwqnris,  kidney 
worms,  thorn-headed  wbr.-Sj  liingwbrns^  and  intestinal  threadworms. 

.  The. principal  external  parasite*   are  sarcbptic  mange  mites_ahd 
sucking  lice*    Host  of  the«e  g'pwxe&  are  iburid  in  practically  all  hog- 
raising  areas. 

Internal  Parasite 


Host  swine  parasites  car.  be  controlled  V*-  sanitation  including— 
Clears  disinfected  farrowing  pensj 
Sows  washed  clean  before  farrowing; 

A  "clean"  trip  to  clean  pastures  for  sows  and  their  litters; 


*       -Clean  pastures  for  the  pij;s  until  they  are  at  least  h  months  old. 

Internal  parasites  can  also  be  controlled  by  feeding  pips  exclu- 
sive J;,     n  milk,  skinned  milk,  or  whey  for  periods  of  3  successive  days 
at  in      vols  o;"  2  weeks,  or  by  feeding  one  of  these  daily  instead  of 
one  ,    -in  feeding. 

Pigs  should  be  treated  to  control  large  roundworms  at  weaning  and 
again  about  2  months  ljit.<*r#  Use  dry  sodium  fluoride— technical  grade, 
ti nted — at  a  concentr  i  of  1  percent  by  weight,  in  dry,  ground  feed 
for  1  day. 

Pigs  should  be  slightly  ur:derf ed  the  day  before  treatment •    On  the 
day  of  treatment;  give  them  about  two-thirds  as  much  medicated  feed 
as  regular  feeds 

Ordinarily,  no  othsr  tr«^tinehts  are  necessary  or  advisable*  The 
treatments  should  not  be  given  to  pregnant  or  iactating  sows,  or  to 
any  animals  showing  symptoms  of  gaetroentsri  tiss 


External  Parscites 


For  treatment  of  mange  mites  and  eradication  of  lice,  several 
insecticides  are  safe  and  effective — lindane,  toxaphene,  majathionj 
methoxychlor,  DDT,  Bayer  2l/iV9  (CO-RAL),  and  Ronnels 
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All  of  these  insecticides  may  be  used  as  sprgyi  i    Use  lindane 
duets  and  DDT  dusts  and  sprays  only  once.    Use  one  of  the  other  in- 
secticides if  you  need  to  repeat  treatment  after  2  >r  3  weeks. 


 Do  not  treat  sick  aniinais  or  those  less  than  3  months  old  with 

B^rer  21/199  (C0-RA1).  Spray  animals  3  to  6  months  old  only  lightly c 
Market  hogs  should  not  be  treated  within  U  to  6  weeks  of  slaughter. 


 If  you  want  to  dust  your  rnimals  use  a  DDT  dust  of  10  percent 

strength t    Use  lindane  dust  of  1  percent  strength—only  one  time, 


Guide  for  Mixing  t 


PERCENTAGE 

OF  INSECTICIDE 

DESIRED  IN 


AMOUNT  OF  FORMULATED 
TO  MIX  WITH  WATER 


INSECTICIDE  FORMULATION      ,S  PRATT 


iffiTHOXYCHLOR: 

EC,  25  percent  0,5 

WJP,  $b  percent—  0,5 

LINDANE: 

EG}  20  percent  0,03 

0,05 

WP,  25  percent—-  0.03 

0.05 

.TMCAFHENE: 

EC,  60  percent  0.5 

to?,  hO  percent—  «  0^5 


DDT  j 


EC,  25  percent— 
WP,  50  peroeri/- 


—  0=5 

—  _  0.5 


HALATHION: 

EC,  5?  percent     0^5 

WP,  25  percent   0.5 


BATS:  21/19?  (CO-RAL)s 
WP,  25  percent  


0.5 


RONNEL  (Korlan): 

Ee,  2h  percent  0.5 

WP,  25  percent  ■  0^5 


"100  GALLONS 


2  gallons 
8  pounds 


20  dunces 
1  quart 
1  pound 
12/3  pounds 

5\  pints 
10  pounds 


2  gallons 
8  pbtu.ds 


1  gall  jn 
16  pounds 


16  pcfcJ.-ids 


2  gallons 
16  pburde 


i  GALLONS" 


13  outooe 
6t  o\zr*r.p> 


2  tabiespcors 
:>  ^Hbiespoons 
i  r  blespoons 
5  tablespoons 

l*f  ounces 
8  ounces 


1^  our  es 
6J  ounces 


6  ounces 
13  ounces 


13  ounces 


13  ounces 
13  oar^cis 
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POULTRY 


Probably  no  phase  of  a  bird's  life  is  more  frequently  neglected 
than  the  period  from  the  tfrne  the  bird  leaves  the  brooder  house  until 
it  reaches  maturity •    Yet  this  is  an  extremely  important  periods  if 
stunted  during  Vrie  growing  period,  the  bird    ^ver  amounts  to  irruchi 
This  .is  equally  true  for  pullets,  cocker*        capons  and  turkeys.    There  - 
fore  when  you  learn  to  handle  growing  si*.  k-p  the  first  important  step 
in  poultry  husbandry  is  mastered. 

To  take  this  <?tcp-  have  adequate  buildings,  equipment,  proper 
range,  a  balanced  ration  and  above  all,  good  chicks* 


The  Rang a,  Shelters  and  Equipment 


The  Range  —  Provide  a  clean  range  —  one  where  no  birds  have  run 
for  at  least  a  year,  preferably  two  or  three  yearsi    This  is  so 
necessary  that  when  you  cannot  provide  clean  range,  engage  in  a  differ- 
ent project  i    One  acre  will  support  300  growing  chickens  or  ISO 
turkeys^    However  it  is  bettei*  to  plan  on  one  acrv  for  each  10G 
birds,  since  birds  must  be  moved  at  least  three  t imes  during  the 
growing  season,, 

If  an  alfalfa  or  green  sod  range _can  be  used^  the ccat 

may  be  cut  about  2C$>.  Also  birds  reared  on  a  green  range  are 

healthier  and  grew  more  rapidly.    When  ra^I^IJw?^e?_(?^h©r  P^P*-  ?r 
^  ^  P^r?1137?)  ^  ?^5^21^6  ^he  labor  of  handling  birds  is  reducen  ©:jd. 
the  birds  grow  fast-jri 

The  Range  Salter  _-«  When  birds  are  fully  feathered  over  their 
^a9^cs*_it_^s  time  co  move  tham  to  the  range^    Ifthey  can  be 
roosted  in  a range  shelter,  they  grow  better  than  in  a  broMer 
house.     Besi^85!  a  ^ange  shelter  is  easier  to  ventilate  and  ccsts 
less  to  maintaJn. 

a  shelter  need  not  be  f^ncy  or  exp*>nsiyi5.     It       merely  roosts 
with  a  roof,  wire  sides  sndwire  fioo;*    °jace  roosts  a  bout  12 
inches  apart i-  Have  t*  e  comb  of  the  roof  about  five  fe^^_*^_the 
eaves  about  2£  feet  f  »om  the  ground.    The  size  of  t)jf  shelter  de- 
pends upon  the  size  ox  the  flock.    Pullets  and  capons  wlii  need  8 
to  10  laches  linear  roost  room.    Turkeys  will  nead  9  to  12  irchefc 
Thus  a  7  ft.  x  ^  ft.  shelter  will  accommodate  100  pul*       or  50  turkeys. 
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FIGURE  I  — Plons  for  Ronff-  Shelter. 

^inge  Shade— -  If  the  bi  ~as  have  shade,  thay  grow  faster, 
feather  better  and  do  not  r;unourn#    However  don't  let  your  birda 
hang  around  a  ahelterbelt  or  /  .itches;  of  underbrush  wheve  birds 
have  run  year  after  year.    Sooner  or  later  sickness  occurs  unless 
the  ground  la  cleaned  up.    If  no  natu^l  shade  is  available,  make 
a  shade  or  plan/  co^n  or  sunflowers  i  i  rows  to  provide  shade. 


_??n8?  Equipment  —  Make  range  feeders  and  watarers  movable; 
covt\-Qd  to  provide  shade  and  protection  from  weather. 


FEEDING  G ROWING  STOCK 


Feed ing  Systen^s- -grow inr  birds  dc  not  need  as  rich  s  diet__ 
as  they  did  when  younger.    However  they  neeJ_a  rat j on  which  will 
supply  body  tatt-iir--  and  energy  materialr,.    In  addition  thty  must 
have  plenty  of  clean,  cool  water.    no  provide  feed  requirements 
any  ona  o.^  several  systems  may  be  usedi 
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li    Commercial  or.  home  mixed  growing  mash  before  them_ in 
hoppers  at  all  times  plus  morning  aixi  evening  whole 
grain  feedings* 

a.    Giv*  the  amount  of  grain  that  will  be  cleaned  up 
in  ih  hour. 

b*     if  fed  oh  the  ground,  choose  a  clean  spot  each  time# 

2*    Growing  maah  (commercial  or  home  mi^ad)  plus  whole 

grains  fed  in  separate  hoppers*    Keep  both  feeds  before 
the  birds  at  all  times*    This  ia  called  "cafeteria  style." 


3*    Milk  plus  whole  grains  plus  green  feed.    To  meet  the  bird's 
heeds,  3  gallons,  of  skik  milk  or  buttermilk  *aust  be  con- 
sumed daily  per  100  birds*    Keep  ^he  grain  Jrr  fore  them  at 
all  times  in  hoppers*    With  this  system  iu     «  very  necessary 
that  th<*  range  be  green*    If  hot,  feed  additional  greena 
daily* 

Growing  Mash  Formulas There  are  mny  good  formulas  for 
mixing  growing  mashes .    The  following  hsvs  proven  satisfactory i 


Growing  Mash 


Ground  whsj.t  —3©  pounds 

Ground  o*ta  — —  —  20  pounds 

Ground  ecu*;  (yellow)  if  pounda 

Ground  bar?w<sy  ¥  pounds 

(1)  Meat  scrap  (5056  protean)  ——10  pounda 

Dry  Ski.med  railk   5  pounda 

Alfalfa  leaf  meal  5  pounds 

Bono  «k?.*l   2  pcM^dcn 

Oyster  shell  (ground)  —   2  r^iwc. 

^alt--^-----------"-----  1  poufcd 

{Zj  cod  liver  oil  .  i  pint  

Manganese  Sulphate  fc./lO  oence 


Total       100  pounds 
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When  meat  icr-ap  and  dry  a  kirn  milk  cannot  be  j  urcbssed  sr.d 
liquid  skim  or  buttermilk-,  la  hot  a  Pliable,  substitute  2  pcunt* 
of  dried  whsy  plu«  5  pound c  Of  cottonseed  meal  and  5  pounds  6* 
soy  bean  meal; 

When  a  guaranteed  cod  liver  or  other  f  :,sh  oil  of  known  Vitamin 
D  content  is  not  available,  substitute  2.h  ounces  of  Vitamin  D 
supplement  having  hOO  A. O.A.C.  chick  units. 

Proportions  of  Feed-Stuffs  —  It  is  just  as  important  to  have 
your  birds  eat  the  right  proportions  of  their  feeds  as  it  is  to 
'~ve  the.'e  feeds  balanced*    For  example,  if  the  birds  fill  up  on 
grr  m  and  sat  no  growing  mash,  they  get  fat  and  grow  slowly.  On 
the  other  hand,  let  a  pullet  eat  only  mash,  she  will  coi,:b  up  and 
lay  before  she  gains  body  maturity.    Table  i  gives  an  idea  of  the 
proportions  of  mash  and  grain  which  birds  ishould  eat  at  various 
ages. 


Table  1— Proportions  of  wish  to  Grain  ",or,aumption 
Age  in  Weeks  %  Mash  %  Gr*i;> 

8  90  io 

io  20 

12  io  3b 

lii  6o  ho 

16  Po  50 

ie  ko  6o 

20  30  70 

22  to  maturity  25  f$ 

Growth  to  Feed  eonsumptioh^— Another  Important  feeding  factor 
is  the  relation  of  rate  of  growth  to  amount  of  feed  eaten.    TO  get 
this,  record  the  average  weight  of  the  flock  and  ^f  feeds  *ateh. 
Ybu  are  not  expects  to  weigh  each  bird  weekly  to  nc^rtain  rate 
of  gain.    To       *"       jouid  be  'ooli*h  <»nd  tine  con.9'iraing.  But 
wei(;h  a  saiiir  /^  _cf      ids  each _veek,    \i  the  beginning  of  the  growing 
season  rr       /ive  average  bi:ds  in  sorie  way  so  that  they  can  be 
easily  s'vtiedi    Don't  pick  five  extra  large  birds  or  runts. 

Some  pbultrymen  mark  birds  by  o^ubing  paint  across  their 
shoulders.    This  methcJ  -.-equires  rapa rating  whenever  birds  gr'«w 


new  feathers.  _ If  leg  banded,  watch  the  legs.    A  graving  chl;k  my 
soon  outgrow  its  bandt    Thir  ••ill  cause  sore  legs,  iwn  :;r3&pierf 
birds.    Put  the  same  five  bir.ls  into  a  crate  arid  v^igh  each  week. 
Divide  their  total  weight  by  $x  giving  a  fairly  *c  ..urate  averse 
weight  for  the  entire  flock.    Catching  at  night  vfclle  r^csMng  Si-  a 
simple  way  to  handle  the  problem. 

Though  the  feed  formulas  and  proportions  on  pages  26**  and  £61  ere 
not  iueal  for  all  environments,  the  figures      i 1  serve as  a  guide.  In 
the  Temperate  Zone  with  its  long  growing  days,  bivls  usually  eat  more 
and  make  faster  gains, 

\ 

Young  Stock  Diseases 


Since  a  special  chapter  is  devoted  to  diseases,  only  mention 
of  the  troubles  affecting  growing  stock  will  be  given  here.  Orow- 
ing  chicks  are  apt  to  have  cdccididsiSr,  cdlda,  fowl  paralysis,  perosia,, 
vitamin  deficiencies  emd  troubles  cauaed  by  an  infestation  of  wortoe, 
mites  or  other  p^rss'tee.    Also  grb  ing  turkeys  are  subject  to  black- 
heads 


As  with  all  diseases  -9  spot  a  sick  bird  at  once;  take  it  away 
from  the  flock  arii  correct  the  cause  of  the  disease. 


ftphge  Maru\ger«at 


There  is  more  to  handling  growing  st^k  than  giving  iham  shelter 
and  feed.    A  good  pbultrymah  watches  ' his  birds  all  the  tirae.  FTe 
heads  off  dangers  and  anticipates  the  birds' 

First  Nights  in  a  Range  Shelter  —  If  cam  frcin  a 

warm  brooder  house,,  shiela  them  frori  draft.  winds.  They 

^ust  be  kept  from  crowding  arid  taught  fcc  us**        .  .*  .iew  roosts. 

Storms  —  Until  birds  learn  to  run  to  fhelter*  aer>  that  they  are 
driven  in  before  a  stolen.    Be  sure  the  door  ^as  not  blown  shut.  Keep- 
ing birds  but  ih  m  n»tbrm  may  cause  heavy  losses. 

After  a  storm,  check  the  range*    Fill  up  or  drain  puddles.  Stag- 
nant water  causes  sickness. 

At  all  times  watch  for  arty  dead  chicks  or  gophers       the  ^ing*. 
Hothi^g  '  i  keui  birds  quicker  thuh  eating  decaying  flash. 
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Enemies  oil  _*?ange  ~  Oradr  two  species  of  hawks  Sometimes  prey 
upon  poultry _  on  the  range*    Several  poles  _may_  be  set  up  with  strings 
or  wire  stretched  between  the  polee.    String  bits  of  shiny  metal  bh 
the  strings,  for  example,  old  lire  from  fruit  jars*    The  metal 
catching  the  sunli#>vt  eca^c  the  hawks  away,    it  high;t  lock  birds 
securely  in  the  r*ng*  srni^or.    'if  ktMII  inijrials  like  minks  or 
weasels  bother,  a  tlt^:*,  :*ich^;oi?i"i  wire  tinder  the  roosts  keeps  them 
out.    When  young  tar>v      voom\  on  export  '  perchas^  it  is  well  to 
k»ep  a  lighted  l'-r+-*rt*  l<  a.pole  noli  the  i costs*    If  coyotes  are 
a  fettisc*;  keep  bir^  .in  Uieir  shelter*,  until  ai'ter  daylight* 
tight  fence  about  open  rc  *ta  h,lp^.  With  i  ikrg^  flock  of  birds 
roosting  iii  the  open,  you  it  y  i        it  nrcea^ary  to  slaep  in  a 
tont  near  thorn. 

Dried  CXit  or  Dirty  f^hgc.  --  Tbu  are  advised  to  change  range 
at  least  3  times  during  the  growing  season,    let  ho  management 
detail  requires  -rour  judgment  arid  pommon  sense  as  much  as  the  decision 
of  when  to  move  binds.    If  the  birds  eat  the  green  feed  down  to 
the  roots,  a  vitamin  A  deficiency  may  show  up*    Then  look  out  for 
colds,  swollen  eyes  and  alcS  growt^i*    Burihg  a  dry  season  when 
the  range  dries  up,  move  birds  bftans-  "hah  when  the  range  stays 
green,  / 

Hot  Nights  —  One  hot  night  may  ruin  the  flocks    If  hot  nights 
dec  r,  see  that  ventilation  is  adjusted  to  meet  the  condition^ 

Feeding  ~  The  real  test a  poultryman  is  how  he  manages  the 
feeding  problem.    What  kind  of  laid  is  heeded,  the  proportions f  and 
the  amounts,  have  already  been  discussed*    Tet  order  Range  Management 
something  more  should  be  **id. 

The  good  poultryman  watches  the  feeders •    Are  birds  wasting  feed? 
Are  birds  choosy,  selecting  some  ingredients  and  leaving  cithers?  Did 
last  night's  rain  wet  the  feed  causing  the  mash,  to  sour*?    j^>es  the 
wind  sometimes  blow  the  mash  away?    Do  the  birds  go  on  the  roosts  at 
night  with  full  crops?    A  good  pSuitrymah  checks  ail  of  these  things 
each  day  so  ho  cath  correct  faults  at  once. 

Uneven  Development  —  Even  though  you  feed  a  teianced  ration 
and  provide  plenty  of  feeder  r  ace,  all  birds  do  not  develop  uniformly,' 
If  a  farmer  has  a  small  number  of  birds,  little  can  bt  dona  about 
thisi    But  with  a  greater  number^  divide  into  early  ^Suri^^iMdiuBl 
and  slow  maturing  birds i    Dividing  sizes ,  gives  a  more  uniform  bunch 
of  fci.Tda  at  the  e;ii  of  the  project.    Give  the  birds  which  grow  too 
fast,  more  grain  snd  less  mash  than  suggested  m  table  1.    Give  the 
slow  birds  more  mash  and  less  gr* in  than  called  for  in  the  schedule. 
For  •  sodium  birds,  follow  the  sch^uule. 
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_l_  A  capon^ia  an  uraexedjmale  bird  of  the  dvil  purpoae  or  heavy 
breede.    Plymouth  Rocka^ New  Hampshires,  Rhodo  Island  Reds, 
Wyindottea  and  Orpingtons    make  excellent  capona^    Altered  £eg» 
horns  are  i accepted  as  capona, 

than  urarcered  males  do,  capons  br^ng  a  better  price  iu\  are  there- 
fore profitable  to  raise* 

When  to  Caponize-^The  earlier  the  operation  is  performed  the  less 
bixds  suffer  from  shock  or  set  back,    T^^I^^.PP?1*?*?  *?  ?9°?  aB 
sex  can  be  dist  inguished^    With  dual  purpose  biixS  t^i3_can  be  dow 
by  the  time  the  birds  are  from  8  to  10  weeks  old  or  when  they  weigh 
from  1  to  l£  pound 8 i 

-Starving— In  order  to  perform  the  operation  successfuiiy  starve 
the  birds  for  2h  hours .    They  hay  have  water  to  drink.    This  helps  to 
clean  out  the  intestinal  tract.    When  starving,  place  them  in  a  slat 
or  wire  bottomed  crrte  off  the 1  ground  where  they  can't  pick  up  any- 
thing.   A  shipping  crate  turned  upside  down  works  well. 


The  Operation 

The  instruments — The:'*  are  many  sets  of  instruments.    No  matter 
which  kind,  the  set  must  have  a  knife  to  make  the  incision}  a  spreader 
to  hold  open  the  -  cut;  a  hook  to  tear  the  membrane  covering  the  intes- 
tines; a  blunt  instrument  to  press  back  the  irt.estines  out  of  thr  oper- 
ator's way  aid  an  extractor  to    ^move  the  testicle.    An  extractor 
made  like  a  forceps  does  a  more  complete  job  than  one  shaped  like  a 
spoon9 

The  operating  table  — TJse  either  a  box  or  >  barrel  for  an  operat- 
ing table.    Place  ah  pic  r^gazint  '.aider  the  bird.    Turn  a  clean  page 
for  each  bir-*    Remember  that  this  is  a  :  Jbr  operation,  thus  clean- 
liness is  Important.    Place  the  instruments  in  a_  disinfectant  solution 
when  not  in  use  during  tha.brie ration*    \  5%  2&&ol  or  carbolic  acid 
solution  works  well. 
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Tying  down  the  bird— Place  a  nail  on  either  side  of  the  birm 
•  or  operating  table,    tie  a  long  snoe  string  to  the  rear  hail*  Then 
wrap  the  string  around  both  wings  of  the  bird  lying  on  its  riiht  side 
on  the  operating  table.    Place  a  "ha; f  hitch"  around  the  bird's 
shanks.    Draw  the  string  very  tightly  and  tie  to  the  front  nail. 

The  operation— After  removing  the  feathers  ill  front  of  the  thigh, 
make  an  incision  or  cut  between  the  last  two  rib*;    Be  eyeful  to  hold 
the  heavy  hip  muscle  back  over  the  thigh  to  prevent  cutting  into  the 
muscle  and  causing  bleeding.    Li  making  the  incision,  do  not  cut  into 
the  rib  joint.    This  pauses  such  a  wide  opening  that  the  spreader  will 
not  stay  in  place.    Also  do  not  cat  too  near  the  back  *  nne.    Bleed  ink- 
results  and  the  lungs  are  punctured.    Now  place  the  .  ..•t.-d-r  in  tha 
incision. 

If  the  cut  hao  been  made  correctly  and  the  feiid  properly  star^, 
as  soon  as  the  membrane  covering  the  intestines  is  torn,  the  t«stlc"li 
may  be  s^en.    It  is  creamv  mllow,  about  the  size  of  a  grain  of  heat- 
or  a  small  •  aan  and  Ui,    ,'      e  to  the  back  bone.    Pl,ht  bacft  of  it 
is  a  large  artery  which  !es  the  lover  half  cf  tbi  bird's  body 

with  blood.  Be  very  c«  f,  sn  extracting  the  Sesticib.  Beginners 
should  not  attempt  to  a*  both  ^sticlos  fra.i  on:'  aid*.  Remove 

_ihe  left  one  firsts    ekamp  the  extractor  ^irmly  arouid  the  testicles 
Then  -l urn  Vhe  instrument  ground  complete!;-  ieveral  vimes.  This 
'raws  o.  :-  the  testicle^cord^  insuring  comrf  rte  extraction  and  prevents 
bleeding,    Cut  the  cord.    Now  km  the  bird  over  and  repeat  the  process 
or.  the  rignc  side.    It  is  necessary  to  sew  the  incision.    As  soon  as 
vhe  bird  is  released  the  hip  muscle  slides  over  the  wound. 

Care  after  operation— After  the  cperation,  put  the  birds  in  a 
clam  place  where  they  cannot  fly.    Feed  them  soft  feeds  and  milk 
for  several  days Watch  for  "wind  puffs"— that  is,  £2r  gathering 
aixiar.the.fr  kin  *    If  "wind  puffs'   occur,  puncture  the  r^ih  and  press 
out  the  air*    Disinfect  the  surface  of  the  skin.    Sometimes  "wind 
pu;,.fs"  have  to  be  opened  sevenl  tines. 

Sara  and  Feed  in  Gr&*ing  Caporw— For  this  p;rt  c  '.  the  project, 
study  pages  2  =  3  -  263;  all  growing  stcofc  are  Lander',  in  thJ  saw  a\  ^ner. 

Fattening  Capons  — In  r,  ,«?t  Jist*;ict.s  tij/Cms  heed  no  fattening. 
When  they  have  gained  thair  growth,  t'.iey  are  ready  \jc  rrrket.     i&L  • 
if  they  do  require  fattening,  do  not  pen  their,  up  l*r  mors,  than  W 
days  before  killing.    Feed  them  I  or  5  times  daily,  the  amount  vhich 
they  will  clean  up  in  an  hour.    Then  remove  th«  feeders  and  darken 
the  room  so  that  the  birds  will  rest  until  the  next  feeding  time. 
The  feed  may  consist  of  any  mixture  of  grains  to  which  is  added 
some  alfalf a  leaves  and  flour  or  middlings,,    Then  add  enough  milk 
or  v  ber  to  make  a  better-like  mixture. 
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BAHY  CHICKS 


The  care  and  management  of  1  ?  v   r\     .ca  is  an  exacting^  tas . 
Bo  not  attempt  to  raise  them  untii  via  are  thoroughly  familiar  tfith 
the  yob  of  growing  young  stock.     Further  you  should  not  tackle  the 
raising  of  chicks  until  you  can  ha ?e  complete  charge  of /them. 

To  raise  chicks  successfully  you  must  have; an  adequate  brood- 
er house;  a  good  brooder  stove  or  the  equivalent;  *H  equate  '..rpa:ar 
house  equipment;  a  cornplete  and  adequate  ration    nd  /    v  'lyix^ln. 

The  Brooder  H^use 


There  art>  two  typ^r:  of  brooder  houses  which  are  generally  used 
in  the  U.S^l)  the  shed  roof  type  and  (2)  the  arch  roofed  type. 

The  essentials  of  a  good  brooder  houao  aret 

1.  Enough  floor  apace—Allow  i  squars  foot  per  chi  :k.  At 
least  1  square  foot  la  needed  for  every  2  chicks  from  or  5  to  eight 
weeks.    Then  "double  the  floor  apacei    Since  chicks  atill  need  heatj 
it  is  better  to    v^rt  w,ith  1  square  foot  par  chicks 

2.  A  well  ventilated  room-«Aithougi;  chic&  need  un.iform  heat, 
the  room  must  te  ventilated  In  order  to  keep  the  floor  dry  and  the 
chicka  healthy.    Thoroughly  study  the  vent ilatora  in  any  brooder, 
house  plana.  * 

3*    The  _hbuse  ne^da  a  floor — Never  put  cnicks  on  a  dirt  f lbor  j 
especially  if  chicks  nave  been  raised  on  it  before.    A  portable  brooder 
house  needs  a  wooden  floor. 


The  Brooder  Stove  and  Hover 


When  brooding  chicks^  remember  that  vhen  a  mother  hen  hovers 
them, she  sits  over  them*    T*)us,  if  th^ir  backs  are  warm,  they  are 
warm.    Therefore  a  good  brooder stove  wren  hover,  supplier  the  he^t 
above  the  chicks.    The  kirwa  of  fuel  uaed  lis  immaterial  so  long  as 


'OJ 


the  , source  of  heat  is  steady*    Run  the  brooder  stove  several  days 
before  the  chicks  arrive*     If  ybu  use  in  old  stove,  check  all  working 
parts. 

Tha  type  of  hover  Is  also  unimportant  so  long  as  each  chick  has 

7  square  xnches  hover  space.    Since  the  space  should  be  doubled  at 

8  weeks,  it  is  best  to  start  with  a  generous  hover. 

A  home  made  brooder  may  be  built.    Even  the,  fireless  brooder  works 
in  the  brooder  room  if  it  has  a  steady  temperature  of  75°  to  80°. 

Fire  box --The  fire  box  may  be  made  from  an  old  oil  barrel, 
heating  stove,  or  it  may  be  a  brick  or  concrete  fire  box.    The  main 
thing  is  to  have  the  fire  box  fitted  with  a  tight  door  so  that  the 
fuel  burns  slowly.    Place  the  fire  box  at  least  18"  below  the  surface 
of  the  ground  with  about  a  foot  dug  at  either  sideof  it.    Fill  the 
entire  space,  around  and  over  the  fire  box,  with  rocks  or  bricks  and 
sand.    Start  the  fire  at  least  h  or  S^days  before  the  chicks  or 
poults  arrive  in  order  to  have  the  sand  and  rocks  thoroughly  heated. 
Once  hot,  the  temperature  at  the  $dge  0f  toe  hover  will  twain  constant. 
The  temperature  will  riot  drop  even  af  >r  the  firing  of  th*  stove  has 
been  discontinued  for  36  hours. 

Bb  sure  the  fire  box  is  placed  h*ck  from  the  sill  of  the  house 
to  avoid  any  fire  risk* 


Have  an  additional  door  to  gtvt  ^ditionai  protection.  The 
door  prevents  draughts  and  too  rapi~  burnJ.ng  of  fuel.    When  burning 
wood  a  g;Mi  e  is  not  heeded    but  wi V  ctfaij  a  grate  is  necessary. 

The  Pipe-- The  pipe  should  ©xt^id  u  or  5  feet  under  the  floor 
from  the  fire  box^  in  order  to  hi.  .e  all  the  intense  heat  taken  from 
the  smoke  artf  so  remove  all  danger  cf  i'ire^ 

Floor—Make  the  floor  of  concrete^  tnough  wooden  floors  have 
best-*?  y^'sd  by  cutting  ottt  the  floor  a  few  f est  above  the  fire  box 
i;**    filing  the  spacs  with  3and  zxin  graveii 

The  Hover— The  hover  may  be  made  oi  any  material,  preferably  ' 
metals  _  The  main  thing  is  to  have  the  hover  about  10"  from  the  floor 
and  allow  7  square  inches  per  chick  and  twice  that  amount  of  space 
per  poult,    go  not  expect  the  chick  to  slaep  under  the  hover.  Rather 
t\.-iy  will  sleep  in  the  spac n  receiving  the  reflected  heat  as  with  any 
other  hover.  v 
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FORAJE  from  improved  pastures 


Li vest       are  wasteful  in  their  grazing  habits •Instinctively, 
they  search    *>ut  the  most  palatable  plants  anc  plant  parts—literaliy 
the  cream  al         pasture  crop--and  are  inclined  to  avoid  less  palatable 
forage. 

Recognising  this,  farmers  and  scientists  have  searched  for  ways 
to  encourage  livestock  to  eat-  more  of  the  forage  that  is  available  to 
them  from  pastures,  thus  cutting  down  on  waste  and  increasing  the 
efficiency  of  forage  use.    One  way  this  has  been  done  is  through  use 
of  various  systems  that  help  control  the  availability  of  forage  to 
livestock. 

Three  forage  utilization  systems  that  have  evolved  in  recent 
years  are  rotation  grazing,  strip  grazing,  and  green  feeding.  These 
systems  can  be  used  not  only  to    ncourage  forage  consumption  by  live- 
stock, but  also  to  protect  pi*.:rfcfj  A  ruiTi  overgrazing  and  other  damage. 

The  systems  pror        *tte.  :is  for  grazing  and  harvesting  fcrage 
that  are  designed  for        -cient  and  practical  nanagement  of  improved 
grasslands.    Their  successful  operation  depends  oil  skillful  judgment 
'hat  is  based  iA  turn,  on  an  intimate  knowledge  of  both  plants  and  live- 
stock. 

Highly  important  to  the  success  of  the  system?  is  the  ability  of 
farmers  to  recognize  signs  rf  inefficient  forage  use  anc  to  correct 
conditions  that  brin<;  them  about.    These  signs  shov  up  in  either  plants 
or  livestock^  or  both.    They  can  be  avoided  if  grazing  cr  harvesting 
is  started  arid  ended  at  the  correct  time  and  stage  of  f  lant  growth, 
if  the  proper  numbers  and  kinds  of  livestock  are  gr*seo  on  an  ore  a,  and 
if  plants  are  provided  sufficient  opportunity  to  recover  before 
grazing  or  harvesting  is  repeated. 

Skill  in  making  these  management  decisions  is  actually         key  to 
efficient  use  of  pastures.      'ith  good  management,  it  is  possible  to  use 
forage  efficiently  with  arj  of  the  utilization  systems.  Rotation 
grarint?>  strip  ^grazing,  and  gx  sen  feeding  provide  t;ays  for  reinforcing 
managerial  skill  with  s«tih  features  as  planned  plant  rest  periods  and 
a  high  degree  of  control  over  grazing  and  harvest. 


No_s ingle  system  of  forage  utilization  fits  all  farming  situations. 
Each  farm  has  its  own  set  of  requirements  and  such  factors  as  animal 
and  seay oral  needs  for  forage  should  be  carefully  considered  before 

aciect':ng  a  system. 


increasing  Livestock  Production  with  Forage 

 There  may  be  a  number  of  ways  that  livestock  production  can  be 

increased  with  forage  on  a.  particular  farm.    These  include:    (1)  Increasing 
the  forage  potential  of  a  pasture  through  use  of  more  productive  plants 
and  better  cultural  methods  and  by  intelligent  use  of  different  plant 
species  that  mature  at  different  times  during  the  season;  (2)  ^creasing 
waste  of  forage  during  grazing,  h^rvestv^ ,  and  feeding;  (j)  decreasing 
damage  to  plants  from  trampling  or  overt../ S    and  (ii)  by  cor?b4ning  two  or 
more  of  these  possible  changes •  \ 

Pasture  with  a  high  forage  yield  potential  is  the  starting  point 
for  high  ahlkal  production  per  acre.    Efforts  to  improve  production 
through  gracing  managenent  may  be  fruitless  if  pastures  are  poor.  Skill- 
ful management  becomes  increasingly  important  as  pastures  are  made  more 
productive^ because  the  possibilities  of  wasteful  use  and  damage  to 
plants  are 'also  increased*    Dense^  fast-growing  plants  are  particularly 
vulnerable  to  damage  from  trampling  and  overgrazing. 


DEVELOPMENT  OF  PGDEIiN  FORAGE  fJTf  LIGATION  SYSTHMS 


Modern  systems  for  utilizing  forage  resulted  from  research  and 
^/acticai  experience^    Bating  fr on  19 JO,  scientists  and  farmers  made 
some  of  the  r-ost  significant  contributions  toward  improving  pastures 
and  their  use*    Refinements  were  made  in  pasture  fertilization,  irri- 
gation, and __othp^  cultural  practices.    Plant  breeders  developed  better 
pasture  plants      As  these  were  released  to  growers,  more  and  more  land 
was  seeded  *  _  adapted  ,_highly  productive  grasses  and  legumes.  Annual, 
bi  nniai-     ja  o s^i -permanent  pastures  gained  places  of  prominence  along- 
side pe:     >nent  pastures. 

interest  also  centered  on  improving  methods  of  ^razing  and  harvest- 
ing pasture  forage;    Dairy  farmers,  in  particular,  .attempted  to  find 
better  ways  to  utilize  forage,  extend  grazing  periods,  and  obtain  more 
uniform  levels  of  milk  production.    Some  of  them  experimented  with  a 
grazing  method  developed  in  Geimany  called  the  Hohenheim  system. 


Designed  especially  for _dairy  cattle^  it  involved  heavy  xertjJLizatdbh. 
Pastures  were  divided  xn to  smaller  grazing  areas  and  cattle  were  per- 
mitted to  graze  the  areas  in  rotation. 

The  Hohenheiin  system  was  the  forerunner  of  modern  rotation  grazing. 
The  rotation  system  was  first  used  with  bluegrass  and  other  low-growing 
plants  in  permanent  pastures.     Later,  it  was  found  to  fill  ah  iinportant 
requirement  in  grazing  improved  pastures  containing  erect,  highly  pro- 
ductive hew  species  of  grasses  ^nd  legumes.    Unlike  low-growing  plants, 
these  new  species  proved  to  be  especially  sensitive' to  overgrazing  and 
continuous  grazing.    The  rotation  system  provided  a  way  to  control 
grazing  so  that  the  highly  productive  plants  could  be  protected. 

Strip  ^ra^ing  is  a  variation  on  rotation  grazing  that  has  been  

used  in  New  Zealanr  and  Australia  for  over  two  decades  and  for  a  shorter 
period  in  the  United  States.    With  this  system,  livestock  are  noved 
onto  a  new  strip  of  pasture  each  day. 


Green  feeding  is  a  modern  version  of  a  system  of  cutting  and  hand 
fending  fresh  forage  that  was  first  used  in  this  country  more  than  1!>0 
years  ago.    V/ith  the  present  system,  livestock  never  enter  the  pasture, 
but  forage  is  harvested  by  machine  and  brought  to  them. 


ROTATION  GRAZING 


The  rotation  grazing  system  provides  a  way  to  utilize  forage  by 
confining  livestock  to  an  area  so  small  that  they  will  eat  all  pasture 
plants  to  a  desired  height  in  a  given  period  of  time.    When  grazing  is 
completed  on  an  area,  plants  are  allowed  to  establish  hew  growth  before 
being  grazed  again;    These  rest  periods  help  prevent  destruction  of 
hiehly  productive  grasses  and  legumes. 

Maintenance  of  desirable  pasture  plants  as  well  as  more  efficient 
utilization  of  forage  are  the  two  major  factors  that  contribute  to  the 
efficiency  of  rotation  grazing;    The  individual  contribution  of  these 
two  factors  is  usually  difficult  to  determine. 

Rotation  grazing  helps  to  reduce  damag^v  to  forage  from  trampling, 
which  can  cause  great  waste  in  dense,  tall  crpps  if  grazing  is  poorly 
managed.     Cattle  in  rotationally  grazed  pastures  usually  obtain  the 
forage,  they  reouire  in  less  time  than  cattle  on^pastures  grazed  continu- 
ously and  therefore  conserve  energy  for  meat  and  milk  production. 
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Because  pastures  are  alternately  grazed  and  left  idle  during 
rotation  grazing,  such  jobs  as  fertilization,  clipping  for  weec  cbh- 
trbl,  and  irrigation  can  be  clone  bri  areas  not  in  use  without  the  inter- 
ference of  grazing  livestock.    For  the  same  reason,  excess  forage  can 
easily  be  harvested  for  hay  or  silage,  thereby,  in  effect temporarily 
reducing:  the  area  required  for  grazing.    This  permits  considerable 
flexibility  in  the  number  of  animals  that  can  ire  grazed  bri  an  area 
during  the  season. 

From  the  standpoint  of  management,  rotation  grazing  is  relatively 
simple  to  use.    A  pasture  is  divided  into  several  graziaig  areas  with 
electric  fence,    the  number  of  grazing  areas,  size  of  the  areas,  arid 
livestock  numbers  are  adjusted  so  that  each  area  is  grazed  to  a  height 
that  best  maintains  the  seeded  species,  and  the  time  for  plant  rest 
periods  is  geared  to  the  growth  rate  of  the  pasture? 

Plant  growth  rate  varies  during  the  season,  a  factor  that  will 
regulate  both  the  number  of  grazing  livestock  and  the  size  of  the 
grazing  areas.    Puring  the  period  of  flush  plant  growth  in  the  spring , 
for  example,  it  may  be  impossible  to  move  animals  through  all  pasture 
areas  and  adeauately  graze  each  area.    Surplus  forage  may  be  harvested 
for  hay  or  silage.     Later,  as  the  rate  of  plant  growth  slows  down, 
animals  may  graze  through  all  areas  at  a  relatively  rapid  pace. 

Livestock  are  usually  turned  onto  the  first  area  as  soon  as  the., 
can  get  a  ,!good  bite",  or  at  the  earliest  time  compatible  with  the 
anirr.als 1  obtaining  a  reasonable  amount  of  forage,  yet  riot  damaging 
desirable  plant  species. 

During  the  first  round  of  grazing  in  the  spring,  livestock  are 
permitted  to  progress  through  the  pasture  areas,  grazing  foragr  down 
to  the  recomr  ended  height,  until  the  area  bri  which  grazing  was  first 
begun  has  recovered  sufficiently  to  be  grazed  again.    The  animals  are 
then  moved  back  to  this  area  arid. the  areas  untouched  during  the  first 
round  of  grazing  are  cut  for  hay  or  silage. 

Milk  production  may  fluctuate  during  the  period  dairy  cows  are 
grazing  an  area  of  pasture  under  the  rotation  system.     Production  may 
be  at  a  high  level  for  a  few  days  after  the  animals  are  turned  onto 
an  area,  then  slacken  after  the  more  nutritious  plants  are  eaten, 
usually  reaching  its  lowest  point  just  before  the  cows  are  moved  to  a 
new  area.    This  cyclic  pattern  of  production  usually  does  not  lower 
total  seasonal  milk  production. 
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A  variation  on  conventional  rotation, grazing*  called  the  split-herd 
system,  is  sometimes  used  with  daiiy  cattle.    The  herd  is  divided  into 
low  and  hi£i  producers,  and  cattle  are  rotated  through  gra*ing_  areas  so 
that  high  producers  are  first  to  be  turned  onto  a  nev  area.    They  remain 
bh  the  area  for  a  short  period  of  time,  usually  a  week  or_lesa,  then 
are  moved  to  another  new  area.    The  low  producers  .then  are  moved  onto 
the  pasture  area  partially  grazed  by  the  high  p rbducers . 

The  split-herd  system  gives  high -producing  cattle  the  advantage 
of  being  first  to  graze  nutritious  new  pasture  growth..  Theoretically, 
the  quality  of  forage  they  consume  is  consistently  high,    ARS  studies 
indicate  that  some  increase  in  rilk  production  may  be  expected  from, 
this  system,  compared  with  conventional  rotation  gracing,  provided 
that  sufficiently  large  differences  in  milk -producing  capabilities 
exist  between  the  high-  and  low-producing  groups  of  cows. 


STRIP  GRAZING 


Strip  grazing  is  a  method  of  intensified  rotation  grazing  that 
provides  smaller  grazing  areas  and  shorter  grazing  periods.  Livestock 
are  noved  onto  new  forage  each  day,  helping  to  lessen  the  chance  of 
fluctuations  in  animal  production  such  as  those  sometimes  experienced 
with  conventional  rotation  grazing • 

There  appears  to  be  no  convincing  evidence  that  strip  grazing  will 
result  in  appreciably  greater  animal  production  or  more"  cow -days  of 
grazing  per  acre  than  a  well-managed  rotation  grazing  system.    In  com- 
parisons of  strip  and  rotation  grazing  in  which  the  number  of  animal 
units  permitted  to  graze  an  area  were  kept  equals  total  seasonal  animal 
production  from  pastures  under  the  two  systems  was  identical. 

Strip  grazing  is  more  complicated  than  rotation  grazing 
because  of  the  chore  of  moving  livestock  to  a  fresh  strip  of  pasture 
each  day.    Krst  farmers  use  a  single  strand  of  electric  fence  that  can 
be  readily  shifted  from  strip  to  strip. 

Bloat  is  less  likely  v»o  occur  during  strip  grazing  than  during 
continuous  or  rotation  grazing  because  the  more  limited  grazing  area 
encourages  cattle  to  eat  coarse,  more  nature  forage  along  with  the 
bloat-causing  immature,  leafy  portions  of  legumes. 
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When  dairy  cattle  are  strip  grazed  on  pastures  at  the  Agricultural 
Research  Center,  Beltsville,  Md.,  the  width  of  pasture  strips  is  adjusted 
each  day  so  vhat  forage  is  well  utilized.    This  involves  daily  observa- 
tion of  both  livestock  and  pasture  to  determine  if  the  animal^  are 
receiving  adequate  forage  arH  if  there  is  damage  to  the  pasture  stand. 
hp  the  cattle  progress  through  the  pasture,  forage  bri  ungraded  areas 
that  obviously  will  not  be  needed  for  grazing  is  harvested  for  hay  or 
silage. 

Clipping  of  pasture  areas  is  reconnended.     This  practice  helps 
control  weeds,  renoves  clumps  of  uneaten  forage,  and  promotes  younp; 
and  nutritious  forage  growth.    Hay  ar.d  silage  may  b e  made  from  any 
pasture  area  if  excellent  growing  conditions  cause  a  surplus  of  plant 
growth  _or  grazing. 


GREEN  FEEDING 


The  green  feeding  system  is  also  called  soiling,  green  chop,  mechani- 
cal grazing,  zero  pasture,  and  zero  grazing.    As  some  of  these  terms 
indicate,  pasture  forage  is  harves ted  with  machinery^  rather. than  live- 
stock.    This  way,  energy  normally  used  by  livestock  for  grazing  is 
used  in  meat  and  milk  production. 

Green  feeding  is  an  adaptation  of  a  method  of .cutting  and  feeding 
forage  crops  first  used. in  this  country  in  the  early, 1900fs  to  supple- 
ment pastures.    The  early  system  never  became  generally  popular  because 
it  was  complex,  involved ; much  hand  labor,  and  the  growing  of  a  succes- 
sion of  crops  throughout  the  season. 

Interest  in  feeding  fresh  cut  forage  revived  with  the  development 
of  high-yielding  forage  crops  and  such  labor-saving  machinery  as  field 
forage  choppers  arid  seLf-unloadii  g  vA-.-ons. 

Eouipmerit  and  labor  requirements  are  still  relatively  high  with 
the  modern  system  of  green  feeding  because  forage  is  cut,  chopped,  and 
fed  once  or  twice  daily.    Oh  the  other  hand,  the  heed  for  fencing, 
watering  facilities,  shade,  and  other  reauiremehts  associated  with 
grazing  is  reduced  or  eliminated. 

A  daily  herd  of  at  least  35>  to  UO  cows  is  required  to  make.,  green 
feeding  economical. 
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The  principal  advantage  of  green  feeding  is  the  possibility  of 
meeting  forage  needs  with  fewer  acres  than  would  be  reouired  with  grazing ; 
the  system  helps  avoid  waste  caused  by  selective  grazing,  trampling^  or 
fouling  with  droppings  for  two  reasons :'_  (1)  livestock  never  enter  the 
fields,  and  (2)  both  leaves  and  sterna  of  plants  are  harvested  and  fed. 

The  prospect  of  reducing  acreage  requirements  for  forage  is  espe- 
cially attractive  oh  farms  where  operating  costs  are  high,  labor  la 
plentiful,  and  *ere  land  for  pasture  is  scarce.    However,  green  feeding 
of  improved  pasture  forage  has  seldon  resulted  in  more  animal  products 
per  acre  than  well-managed  rotation  gra-ing  when  animals  have  been 
allowed  equal  time  to  utilize  the  crop.    Production  per  animal  has  also 
been  about  eaual  in  such  comparisons . 

In  some  cases,  the  success  reported  w  ith  green  feeding  has  resulted 
from  not  only  changing  the  forage  utilization  system,  but  also  from 
changing  from  low-yielding  to  high-yielding  forage  crope.    Studies  in 
which  iadino  clover — -  orchardgrass  forage  was  utilized  either  by  rota- 
tion grazing^  s trip  grazing^  or  green  feeding,  showed  no  advarftags  in 
animal  production  that  favored  green  feeding  over  the  other  systems. 

A  high  degree  of  crop  management  skill  ia  necessary  for  successful 
operation  of  green  feeding.    Excellent  management  is  required  to  produce  • 
a  continuous  succession  of  orops  and  to  harvest  them  and  faed  them 
during  their  moat  nutritious  stage  of  growth. 

Oenerally,  green  feeding  involves  more  risks  than  a^,  grazing  system. 
Machinery  breakdowns  and  rainy  Weather  can  slow  down  or  prevent  daily 
harvest.    Some  risks  can  be  offset  by  providing  emergency  pasture  near 
feedlbts  or  by  having  an  emergency  supply  of  hay  or  silage.    Other  fac- 
tors related  to  green  feeding,  but  not  to  grazing  systems*  include 
hauling  of  manure  from  feedlots,  the  need  for  surfaced  feedlbts,  and 
sanitation  and  disease  problems  that  may  occur  «j  a  result  of  confining 
livestock  to  dry lot. 


THE  ROLE  OF  MANAGEMENT  IN  FORAGE  UTILIZATION 


Determination  of  the  best  way  to  improve  livestock  production 
through  better  use  of 'forage  is  a  complicated  process  because  two .bio- 
logical systems  are  involved]  livestock  and  the  pasture  plant*.  Every 
decision  about  one  in  seme  way  affects  the  other.    Understanding  certain 
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beaic  interrelationships  that  exist  between  plants  and  livestock  -is 
important  in  making  forage  management  decisions.    The  better  these 
interrelationships  are  understood,  the  greater  are  the  possibilities 
of  making  effective  decisions. 

The^  forage  utilization  system  selected  for  a  farm  should  result 
in  maximum  net  dollar  returns  from  pasture  and  livestock.    To  accom- 
plish this,  it  would  appear  that  the  ideal  system  should  provide  the 
highest  possible  animal  production  by  the  use  of  all  forage  that  grows 
in  a  pasture.     1^  practice j  however,   top  animal  production  is  possible 
when  livestock  consume  only  the  most  nutritious  plants  in^the  pasture 
and  avoiu  coarse,  more  mature  riants;    This  is  the  pattern  o  f  wasteful 
selective  grazing  cattle  instinctively  follow  if  not  controlled.  When 
livestock  are  compelled  to  eat  ail  plants  in  the  pasture,  the  overall 
nutritive  value  of  the  forage  they  consume  is  lowered  by  ,the  mature 
forage  plants  and  weeds  it  contains.    The  result  is  less -than -maximum 
animal  production. 

In  the  interest  of  efficiency^  it  is  good  management  to  compromise 
between  obtaining  maximum  animal  production  and  the  using  of  alii  forage 

?_P????r?A__1^^_9??ProI^??_i3_accolTIP^^3^?§  through  management  deci- 
sions that  avoid  excessive  waste  of  forage  and  damage  to  the  pasture 
from  overuse  without  sacrificing  animal  production  unnecessarily  to 
favor  pasture  growth.    They  result  in  a  pasture  utilization  plan  that 
takes  into  account  the  fact- that  various  ages  and  classes  of  livestock 
have  different  forage  requirements  and  the  fact  that  ample  forage 
should  be  available  throughout  the  season,  including  critical  produc- 
tion periods. 

Decisions  About  Intensity  of  Pasture  Use 

Successful  forage  management  decisions  effect  a  satisfactory 
balance  between  the  capacity  of  a  pasture  to  produce  quality  forage 
and  the  capacity  of  livestock  to  produce  meat  or  milk.    This  balance 
is  mutually  beneficial  to  the  plants  and  livestock.    In  the  final 
ana^sis,  such  management  decisions  involve  the  determination  of  a 
correct  stocking  rate  for  grazing _l?nijnai  d  ays  of  grazing  per  acre) 
or  a  correct  rate  of  harvest  for  green  feedings 

Accurate  rates  for  stocking  or  for  harvesting  take  into  account 
individual  animal  differences.    This  requires  an  intimate  knowledge  of 
the  productive  capacities  of  the  animals. 


290 

275 


Livestock  differ  in  their  inherited  capacities  to  produce  neat  and 
milk.    :>ome  aninais  may  eat  rore  forage  than,  they  can  possibly  convert 
into  animal  products.  *  Others  may  rake  .efficient  use  of  a  relatively 
high  intake  of  forage,  "supplemented . with  concentrates,  because  of  their 
inherited  hijjti  capacity  for  production. 

There  also  are  seasonal  variations  in  the  productive  capacities 
of  pastures.    A  special  problem  occurs  during  the  period  of  flush  plant 
growth  in  the  spring,  When  livestock  .usually  cannot  eat  all  of  the  forage 
that  is  available*    TJ  Is  problem  may  be  solved  by  .reducing  the  size  of 
the  pasture  area  grazed  and  by  harvesting  excess  forage  for  silage  or 
hay,  or  by  increasing  the  number  of  livestock  grazing  the  pasture. 


Signs  of  Inefficient  Pasture  Use 


Sighs  of  inefficient  pasture  use  are  most  likely  to  develop  when 
livestock  are  permitted  to  graze  a  pasture  continuously  with  a  minimum 
of  control.    The  animals  are  free  to  follov:  their  natural  tendencies 
to  select  only  palatable,  tender  leaves  and  plants  and  to  avoid  more 
mature  and  less  palatable  plants. 

The  signs  are  characterized  by  areas  of  over-mature. forage i  areas 
of  extremely  short  forage  that  has  been  frequently  and  closely  grazed, 
and  changes  in  the  pasture  stand  from  more  productive  to  less  productive 
species  arid  weeds. 

Close  observation  of  both  pasture  and  livestock  can  result  in 
early  detection  of  the  signs  of  inefficient  pasture  use.  Rotational 
and  strip  grazing  generally  "result  in  closer  r.anagement  than  continu- 
ous grazing.    Condition  of  both  pasture  and  livestock  may  be  observed 
regvlarly  as  animals  are  moved  from  area  to  area.    Tahger  signs  may 
be  noted  and  adjustments  nade  in  the  size  of  grazing  area  or* the  length 
of  grazing  period. 

Green  feeding  provides  an  opportunity  for  close  regulation  of  the 
use  of  pasture  forage,  since  it  makes  possible  strict  control  over  the 
entire  operation.    Harvest  may  be  done  in  a  manner  that  prevents  plant 
damage  and  waste.    In  addition,  daily  contact  with  livestock  permits  __ 
adjustments  in  the  amount  of  forage  fed  to  achieve  a  desired  level  of 
animal  production. 
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Rest  Periods  for  Plant  Recovery 


The  rest  periods  for  plant  recover^ that  pre  ah  integral  part. of 
rotation  and  strip  grazing  ahci  green  .feeding  1  elp  bring  about  a  balance 
between  production  and  consumption  of  foragS.    Used  correctly ^  they  pro- 
tect pastures  from  bveruse^ahd  help  assure  that  enough  nutritious  forage 
will  be  available  to  livestock  throughout  the  pasture  season. 

.  Managing  forage  in  such  a  way  as  to  include  adequate  resft  periods 
has  becone  an  important  feature  of  the  three  pasture  systems  because 
the  plants  predominant  in  improved  pastures  are  especially  sensitive 
to  close,  continuous  grazing  or  frequent  harvesting.    These  plants  are 
more  erect  and  more  productive  than  the  low-growing  plants  in  perma- 
nent pastures  and  include  such  legumes  and  grasses  as  ladino  clover, 
alfalfa,  the  fescues,  Coastal  bermudagrass,  dallisgrass,  orchardgrass, 
bromegrass,  and  timothy, 

Because  of  their  height,  a  larger  amount  of  the  leaf  surface  of 
plants  in  improved  pastures  may  be  easily  eaten  or  trampled  by  live- 
stock ♦     Loss  of  leaf  surface  is  a  setback  to  plants •    Leaves  that  are 
removed  ordinarily  would  be  used  to  manufacture  carbohydrates  for  con- 
tinued growth  and  reserves;  stored  in  roots.    When  defoliated,  plants 
rely  on  root  reserves,  and  continuous  defoliation  results  in  depletion 
of  these  reserves  and  death  of -the  plants;    If  graced  too  frequently 
and  too  close,  the  improved  plants  may  be  forced  out  of  the  pasture 
stand,  often  to  be  replaced  by  weeds. 

During  rest  periods,  forage  plants  produce  hew  foliage  from 
shoots  near  the  ground.    This  foliage  is  highly  digestible  and  high 
in  protein  content;   -VJheri  regular  rest  periods  are  provided^  the  plants 
will  continually  produce  hew  shoots  and  the  foliage  remains  young  and 
nutritious.     New  foliage  has  a  very  high  vitamin  A  value  because  it 
is  rich  in  carotene.    It  is  also  rich  in  B-complex  vitamins,  vitamin  E, 
ascorbic  acid,  and  certain  other  essential  vitamins,    Calcium  and 
phosphorus  contents  also  are  higher  than  in  mature  forage. 

Livestock  generally  prefer  young  plants,  or  the  young  and  actively; 
growing  leaves  and  stems  of  plants .    In  their  search  for  these,  they 
will  pass  by  more  mature  plants.    This  selective  graying  may  be  a 
special  problem  when  grazing  is  continuous  and  poorly  controlled.  On, 
the  other  hand,  the  greater  degree  of  control  of  forage  use  provided 
by  rotation  grazing,  strip)  grazing,  and  green  feeding  minimizes  the 
problem  by  compelling  livestock  to  eat  all  plants  and  plant  parts. 


Production  of  high-producing  animals  may  suffer,  however,  if  , they  are 
compelled  to  eat  low  quality  fora^ 

The  Importance  of  Timing 

Management  involves  determining  wJ  en  grazing  dhould  be  started,  ; 
how  long  it  should  be  continued  on  each  pasture  area,  and  when  and 
how  often  forage  should  be  harvested  for  green  feeding. 

The  maturity,  leafiness,  and  yield  of^forage  at  the  time  it  is 
crazed  or  harvested  are  Important  in  determining  the  feeding  value  of 
any  pasture  crop.    Best  yields  of  nutritious  forage  are  obtained  when 
plants  are  young,  vegetative,  and  actively  growing.    In  this  stage, 
the  plants  are  more  palatable,  more  nutritious,  and  more  digestible 
than  when  they  are  mature. 

Grazing  should  be  started  in  the  spring  as  soon  as  livestock  can 
obtain  an  adequate  amount  of  forage,  yet  not  damage  the  plant  stand. ■ 
Rotation  grazing  may  be  continued  on  each  pasture .area  until  such 
mixtures  as  bromegrass  and  alfalfa  are  grazed  to  a  minimum  average 
heicht  of  3  to  U  inches,  and  mixtures  stfch  as  orchardgraas  and  clover 
are  grazed  u>  ah  average  height  of  2  inches.    During  hot,  dry  weather, 
however,  thess  minimum  heights  should  be  raised  an  inch  or  more.  The 
size  of  strip-grazed  pasture  areas  should  be  so  adjusted  that  tne^for- 
age  is  grazed  to  the  minimum  height  desirable  for  the  plants  at  the 
end  of  a  2b -hour  period. 

the  sequence  for  chopping  for  ,;reen  feeding  should  be  so  timed 
that  forage  is  cut  when  nutritious  and  adequate  recovery  periods  are 
provided  between  harvests.    Cutting  for  grew  feeding  generally 
should  b*  started  when  plants  are  in  the  early  hay  stage,  which  occurs 
a  weoK  cr  more  after  the  plants  are  ready  for  grazing. 

FITTING  THE  FORAGE  UTILIZATION  SYSTER 
TO  THE  FARMING  SITUATION 

Properly  managed,  each  of  these  three  improved  forage  utilization 
systems  can  advance  the  efficiency  of  livestock  production.  But 
which  of  the  three  systems  willbestmeet  farmer?'  needs,  can  only  be 
determined  by  evaluating  their  relative  merits  and  drawbacks  in  terms 
of  individual  farming  situations. 


VETERINARY  MBRfeiNE 


IMMUNOLOGICAL  PRODUCTS 
Whit  They  Are  and  Hem  They  Work 

"Immunity*  means,  in  general  terms,  a  resistance  to  infectious 
disease  ,    Textbooka  on  the  subject  mention  several  xypea  or  clashes 
of  immunity,  two  of  which  are  especially  important  from  the  stand- 
point of  disease  control  in  domestic  animals  and  poultry.    Ah  under- 
standing" of  these  two  types  of  immunity  is  essential'  if  one  is  to 
obtain  maximum  benefits  from  the  vise  of  biological  products* 


The  injection  of  a  Bacterin,  Vaccine  or  Toxoid  into  ah  animal 
stimulates  the  animal1 s  tissue  cells  to  produce  substances  called 
antibodies  which  serve  to  protect  the  animal  against  infection  by 
the  particular  organisms  represented  in  the  product.    Since  the  ceils 
of  the  treated  animal  are  active  in  producing  the  antibodies,  we 
speak  of  this  as  an  Active  Immunity,    Active  immunity  develops  gradu- 
ally, requiring  from  one  to  four  weeks  to  reach  its  maximum.  This 
type  of  immunity  lasts  a  relatively  long  time^  although  there  is  con- 
siderable variation,  depending  oh  the  age  and  species  of  the  animal, 
nature  of  the  disease,  quality  of  product  used  and  other  factors * 
For  example,  pigs  actively  immunized  with  Hbg-ehblera^Virus  ahri  Anti- 
Kog-Cholera  Serum  will,  under  ordinary  conditions^  rmain  resistant 
to  Hog  Cholera  for  life •    Oh  the  other  hand^  dogs  vaccinated  with 
Rabies  Vaccine  gradually  lose  their  immunity  after  about  twelve  month* 
which  makes  it  necessary  to  revaccinate  at  least  once  each  year. 

The  antibodies^  which  are  present  in  the  blood  serum  of  an  im- 
munized animal,  may  be  transferred  to  other  animals  by  tejsctiona  of 
this  serum.    Animals  so  treated  acquire  an  immunity  by  virtue  of  the 
antibodies  injected^    This  type  of  iinniunity     _r!M^gd  Pasaive  Immunity 
since  the  tissue  ceils  of  the  treated  animal  are  not  involved  in  the 
production  of  the ^  antibodies i    Passive  immunity  is  of  short  duration, 
lasting,  on_the  average,  about  three  to  four  weeks.    Its  effect,  how- 
ever^  i^ immediate,  and  for  this  reason  Immune  serums  or  antiserums 
are  of  great  value  in  the  treatment  of  affected  animals  and  also  in 
providing  iirmediffte  protection  to  animals  that  have  been  or  are  likely 
to  be  exposed  to  disease  sooni 


There  are  many  factors  which  affect  the  degree  and  duration  of 


active  immunity.    It  is  generally  recognized  that  yery  young  animals  . 
do  not  immunize  as  readily  as  older  animals.    Nutritional  deficiencies 
and  other  debilitating  conditions  may  possibly  interfere  With  the  de- 
velopment of  immunity,  or  even  cause  a  decrease  in  the  resistance  of  - 
an  animal  that  has  been  successfully  immunized  some  time  preT-Lously. 
In  any  large  number  of  animals,  One  may  occasionally  encounter  the 
rare  individual  which,  for  some  unknown  reason,  is  unable* to  develop  . 
an  immunity,  even  when  vaccinated  with  products  that  are  highly  effec- 
tive in  the  vast  majority  of  cases.    Immunity,  therefore,  is  a  relative 
thing,  dependent  on  many  variable  factors,  including  the  individual. 

BACTERIDS 

Sacterins  are  suspensions  6f  bacteria  yhich"na-w been  ^Mjyg 
heat  or  chemical  means,  thereby  rendering  them  incapable  of  producing 
disease.    The  ba.oeri^are  first  isolated  from  the  blood  or  tissues 
of  animals  sick  or  dead  of  the  disease.    Their  identity  is  established 
by  exacting  biological  tests,  and  suitable  culture  media  inoculated 
and  incubated  at  blood  temperature . 

The  culture  medium  is  prepared  with  tissue  Juices  and  other  in- 
gredients to  simulate  the  body  conditions,  and  serves  as  the  food  for 
bacterial  development.    The  bacteria,  by  this  means,  can  be  grown  in 
large  numbers,  pure  and  fre<?.of  all  contamination. 

After  maximum  growth  has  been  reached,  the  cultures  axe  removed 
from  the  incubator  and  a  preservative  added.    The /^«e^^tJ  to 
also  as  the  killing  agent.    Each  culture  is  tested  ?J£ 
determine  definitely  that  all  the  organisms  have  been  killed.  Each 
batch  of  bacterin  is  subjected  to  microscopic  exemptions  and  aniinal 
inoculation  tests,to  determine  purity  and  safety  of  the  product. 

VACCINES 

Vaccines  constitute  a  ^roup  of  biological  products  which,  like 
bacterins,  are  employed  for  the  purpose  of  producing  ana^ive  im- 
munity.   They  differ  in  many  respects  f S^iST 
position  is  determined  largely  by  the  methods  employed  ^^owing 
?he  bacteria  or  viruses  which  comprise  the  active  or  immunizing  agent 
in  the  product • 

Bacterial  Vaccines  are  suspensions  of  living  bacteria  which  have 


been  attenuated  or  weakened  to  such  a  degree  that  they-  are  hb  longer 
capable  of  producing  disease  when. injected  into  the  animal  body* 
Brucella  Abortus  Vaccine  is  a  typical  example  of  a  bacterial- vaccine* 

Virus  Vaccines  are  suspensions  of  ground  tissues  in  which  the 
virus  has  grown.    Viruses  will  not.  *row  and  multiply  in  artificial 
culture  media  and  consequently  must  be  grown  in  or  on  the  tissues  of 
living  animals .    These  tissues  are  collected  at  the  proper  time, 
ground,  and  processed  in  various  ways  to  make  tlie  ^finished  product»_ 
Certain  vaccines,  as  for  example  Fcwl  Pox  Vaccine, contain  live  virus 
since  it  is  essential  in  this  instance  that  the  virus  be  alive  in 
order  to  produce  jjnmuni ty .    in  Rabies  and  Encephalomyelitis  Vaccines, 

however,  the  virus  is  killed  by  chemical  agents,    these  viruses  are 
capable  of  producing  an  immunity  even  though  they  are  killed  and, 
further,  they  could  not  be  used  safely  i£  alive. 

Hog-Cholera  Virus,  strictly  speaking,  is  not  a  vaccine,  and  its 
virulence  has  not  been  interfered  with.    Its  action  is  controlled  in 
the  body  of  the  hog  by  the  injection  of  Immune  Serum  which  prevents 
the  development  of  Hog  Cholera.    It  is  the  virus  which  stimulates  the 
development  of  an  active,  lasting  immunity. 

K-IUNE  SERUMS 


Practically  all  Immune  Serums  are  prepared  from  animals  which 
ha^e  previously  been  immunized  by  injecting  into  their  bodies  large 
and  repeated  doses  of  Bacterins.    When  sufficient  immunity  has  been 
developed  by  this  treatment,  the  animals  are  injected  with  large  and 
repeated  doses  of  living  bacteria,  the  disease-producing  powers  or 
which  have  not  been  impaired  in  any  way. 

The  blood  of  the  animals  is  repeatedly  tested,  and  when  found 
to  contain  sufficient  amount-5  of  antibodies,  the  blood  is  collected, 
clarified,  pasteurized,  and  preserved  by  the  addition  of  a  suitable 
preserving  agent. 

Immune  Serums  contain  the  ^antibodies  specif ip  for  the  disease 
germs  used  in  immunizing  the  animal,  and  when  injected  into  well 
animal3  in  sufficient  dosage^  provide  an  immediate  immunity  against 
the  specific  disease." 

The  Immune  Serum,  when  injected  into  an  animal1 s  body, 
does  not  stimulate  that  animal's  body  cells  to  produce  anti- 
bodies.   Therefore,  the  immunity  conferred  is  transitory, 
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lasting  for  relatively  short  periods  of  time. 

Immune  Serums  are  used  to  treat  sick  animals  and  to  protect  animals 
that  have  been  or  are  likely  to  be  exposed  to  infection.    When  injected 
into  such  animals  in  sufficient  dosage,  the  antibodies  immediately  pro- 
tect the  tissues  frtsn  further  bacterial  invasion* 

The  dosage  generally  recommended  has  been  arrived  at  largely  through 
experience.    It  has  been  found  that  large  doses,  in  severe  cases  repeated 
in h  to  6  hours  {less  severe  cases,  12  to  2h  hours),  are  much  more  effec- 
tive than  small  doses  repeated  at  more  frequent  intervals.    Judgment  as 
to  the  dosage  to  be  employed  in  any  given  case  would  depend  on  the  severity 
of  the  symptoms  manifested,  and  the  size  of  the  animals 

CARE  OF  IMMUNOLOGICAL  PRODUCTS 

Bacterids,  Vaccines,  and  Immune  Serums  are  all  adversely  affected 
by  exposure  to  heat  and  light.    For  this  reason,  they  should  always  be 
stored  under  refrigeration,  preferably  at  35  to  U5°  F.,  but  should  not 
be  frozen.    All  biological  producte  are  marketed  in  sealed  pasteboard 
boxes  in  order  to  protect  the  product  from  light.    Live  Viruses  and 
Bacterial  Vaccines  are  much  more  sensitive  to  the  effects  of  heat  than 
are  Bacterins  and  Immune  Serums;  therefore,  particular  care  should  be 
taken  to  keep  such  products  cold  until  ready  for  use. 

SANITATION 

This  term,  while  familiar  to  everyone,  has  been  more  or  less  mis- 
understood, abused  and  misused  until  the  public  generally  has  lost 
sight  of  its  real  meaning,  value,  and  importance. 

Sanitation  means  to  render  wholesome  or  healthful,  and  requires 
the  use  of  methods  which  have  proved  to  be  effective  in  the  prevention 
of  disease  and  the  promotion  of  health s 

The  term,  cleanliness,  means  the  removal  of  all  filth  and  dirt, 
freedom  from  whatever  is  foul  and  offensive  (rubbish,  animal  body 
discharges,  etc.). 

Therefore,  the  f  irst  essential  of  sanitation  is  cleanliness. 
Second^  disinfection. 
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Sanitation  should  be  maintained  at  all  times. 


Disinfection  means  destroying  dise^e-prbducirig  bacteria  in  and  ^ 
about  the  premises,  and  making  conditions  unfavorable  for  their  de- 
velopment i    Disinfection  is  accomplished  by  the  use  of  dips^  disin- 
fectants^ etcs 

The  effectiveness  of  dips  and  disinfectants  is  dependent  upon 
cleanliness.    Before  disinfecting,  it  is  necessary  first  to  clean 
thoroughly  and  remove  all  dirt,  rubbish,  etcss  in  order  tb.be  sure 
that  the  ^sinfecting  agent  wiH  come  in  direct  contact  with  and 
destroy  any  disease  bacteria  which  may  be  presents 

Thorough  cleaning  and  disinfection  do  not,  in  themselves,  con- 
stitute sanitation.    It  is  of  equal  importance  to  clean  and  disinfect 
the  premises  at  periodic  intervals  to  maintain  sanitations 

Sanitation  plays  a  most  i^w'tant  part  S  the  prevention  of 
diseases  by  reducing  the  nuii±>er  ofdisease  bacteria  on  the  premises 
with  which  animals  will  come  in  contacts 

It  is  especially  important  that  strict  sanitary  measures  be 
employed  on  premises  where  infectious  contagious  diseases  5^e  presents 

Sanitation  plays  an  important  part  in  preventing  the  spread  of  any  

infectious  disease.    It  should  be  remembered  that  the  number  of  disease 

bacteria  taken  within  an  animal's  body  determines  whether  or  not  the  

animal  will  contract  the  disease  and,  if  so,  whether  or  not  the  disease 
will  be  mild  or  severe. 

Through  cleanliness  and  disinfection,  the  number  of  disease  bac- 
teria is  greatly  decreased,  and  healthy  animals  are  less  apt  to  take 
within  their  bodies  a  sufficient  number  of  the  bacteria  to  produce 
diseases 


DISINFECTING  AGENTS 


Effective  disinfection  depends  on  four  things:    First,  the  phenol 
coefficient  of  the  disinfectant.    Second,  the  dilution  at  which  the 
disinfectant  is  useds    Thirds  proper  cleaning  before  application.  And 
Fourth^  thoroughness  of  application. 


The  phenol  coefficient  indicates  the  k±3idtag  'strength  of  a 
disinfectant  as  compared  to  phenol  (carbolic  acid)* 

Disinfectants  are  diluted  with  water  for  use,  and  the  extent 
of  dilution  will  depend  largely  on  the  phenol  coefficient*    As  a 
general  rule,  disinfectants  should  be  diluted  not  more  than  20  times 
the  phenol  coefficient.    For  example,  a  disinfectant  with  phenol  co- 
efficient 5  may  be  diluted  100  times  (20  x  5)j  that  is,  one  part 
disinfectant  to  29  parts  water.    In  many  instances  stronger  solutions 
are  preferred*    Obviously  a  disinfectant  of  high  phenol  coefficient 
will  go  farther  than  one  of  low  coefficient.    It  is  seldom  economical 
to  use  disinfectants  of  less  than  coefficient  5. 

Gleaning  before  disinfection  is  essential  if  the  disinfectant  is 
to  do  an  effective  job.    Excessive  amounts  of  dirt,  filth,  and  organic 
matter  interfere  with  the  action  of  disinfectants. 

Thorough  application  means  applying  the  disinfectant  to_a±i_c6n- 
taminated  surfaces  and  objects,  with  special  attention  to  corners, 
cracks,  crevices^  and  other  points  that  might  easily  be  overlooked^ 

o  

The  use  of  coal  tar  disinfectants,  such  as  D^.p,  for  general  farm 
disinfection  and  many  other  purposes  is  well  known.    In  certain  op- 
erations, such  as  dairying,  coal  tar  disinfectants  are  unsuitable 
because  of  their  pronounced  coal  tar  odor* 

Pine  Disinfectant  is  an  aromatic,  disinfectant  and  deodorant 
concentrate  with  a  refreshing  pine  odor.    The  pine  oil  is  emulsified 
in  such  a  manner  that  it  retains  its  several  valuable  properties  and 
mixes  readily  with  water.    Pine  Disinfectant  is  especially  recarnnefluod 
for  farm,  office,  household,  and  kennel  use. 

Odorless  Disinfectant  and  Poultry  Disinfectant,  containing  qua- 
ternary ammonium  compounds,  are  among  the  most  recent  developments 
in  the  sanitation  field.    These  products  have  a  high  phenol  coefficient, 
are  odorless,  tasteless,  non-toxic,  non-irritating,  and  non-corrosive. 
They  are  especially  suited  to  all  dairy  and  poultry  sanitation  needs. 
In  suitable  concentrations,  they  are  effective  deodorants  as  well  as  h 
disinfectants.    Poultry  Disinfectant,  in  proper  strength,  will  kill 
the  virus  of  Newcastle  disease  in  contaminated  brooder  houses,  batteries 
and  other  equipment,  and  in  addition,  may  be  used  as  a  sanitizing  agent 
in  the  drinking  water. 
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APPROXIMATE  MEASURES 


1/2  ounce  (fluid)   U  teaspoonfuls  (tsp.) 

1/2  ounce  (fluid)  .  ....  1  tablespopnful 

U  ounces  (fluid)    ....  I  teacupful 

8  ounces  (fluid)    .  .  .  .  1  glassful 

1  c.c.    ........    16  drops 

U  c.c#    •••••••••  1  teaspbbriful  _ 

15  c.c.    •••••••••  1  tablespoopful 

USE  AND  CARE  OF  SYRINGES 

Ail  syringes  and  needles  should  be  thoroughly  cleaned  and 
sterilized  by  boiling  for  at  least  15  minutes  just  before  using. 
Syringes  and  needles  that  have  beeri_ cleaned  thoroughly  may  be 
sterilized  by  immersing  in  a  suitable  disinfectant  solution  for 
30  minutes. 

To  adjust  syringe,  push  plunger  all  the  way  in  and  turn  palm 
rest  or  handle  to  the  right.    If  too  tight,  turn  to  the  left.  Place 
dosage  nut  or  set  screw  on  plunger  stem  in  accordance  with  dose  to 
be  administered  ^ 

METHOD  OF  FILLING  SYRINGE 

Shake  bottle  well  before  drawing  the  contents  of  the  bottle  into 
the  syringe.    Force  a  needle  through  the  diaphragm  of  the  rubber 
stopper.    Injection  of  a  little  air  into  the  bottle  between  with- 
drawals will  prevent  the  formation  of  a  partial  vacuum.    Draw  the 
product  into  the  syringe  direct  from  the  bottle. 

Attach  another  sterile  needle  to . the  syringe  to  inject  the  product. 

Biological  products  should  be < used  the  same  d|y  the  stopper  is 
punctured.    When  vaccinating,  protect  this  class  of  products  fron 
direct  sunlight  and  intense  heat  to  avoid  impairment  of  immunizing 


After  using  syringes,  they  should  be  taken  apart,  thoroughly 
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cleaned  and  dried,  arid  placed  in  a  dark  cool  place  until  again  heeded* 


SITE  CF  INJECTION 


The  best  place  to  inject  most  bacterins,  vaccines,  etc.,  in  horses 
and  cattle  is  in  the  side  of  the  heck^  midway  between  the  head  and 
shoulders;  sheep  and  swine >  under  the  foreleg  ( armpit) •    See  Center 
Spread. 

Needles  after  each  injection  should  be  r^jnsed  ih  a  disinfectant 
solution  but  care  should  be  exercised  to  insure,  that  the  disinfectant 
solution  is  expelled  from  the  lumen  of  the  needle  before  use* 


INSTRUCTIONS  _FOR_MAKING  VARIOUS  TYPES 
OF  INJECTIONS  IN  DOMESTIC  ANIMALS 

Before  making  an  injection,  read  the  bottle  label  carefully  to 
determine  indications,  cautions^  proper  dosage,  frequency  of  administra- 
recanme^ed  ^ 

directions  for  detailed  instructions  on  how  to  make  the  type  of  in- 
jection recommended  on  the  bottle  label • 

INTRAVENOUS:    Injection  directly  into  the  veins.    This  method 
is  generally  used  when  rapid  and  effective  action  is  needed  to  save  life, 

DIRECTIONS  FOR  MAKING  AN 
INTRAVENOUS  INJECTION 
IN  CATTLE 


Equipment  Needed: 

!•    Choke  rope— a  rope  or  cord  about  5  feet  long,  with  a  loop  in 
one  end^  to  be  used  as  a  tourniquets 

2i    Gravity^f low  intravenot s  set.  (See *  Fig.  15 
_3i    Hypodermic  needles^  16  gauge,  lj  to_2  inches  long  and  very 
sharp.    Use  new  needles.    Bull  needles  will  not  work.    Extra  needles 
should  be  available  ±n  case  the  one  being  used  becomes  clogged. 
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FIGURE  I 


Hi    Scissors  or  clippers. 

5-    10%  rubbing  alcohol  compound  or  other  equally  ef fee.- ve 
antiseptic  for  disinfecting  the  skin.    Blue  Lotion  is  ideal  for 

this  puroose . 

6.  '  The  medication  to  be  given. 


Preparation  of  Equipment: 

Thoroughly  clean  the  needles  and  intravenous  set  and  disinfect 
them  by  boiling  in  water  for  twenty  minutes. 

Warm  the  bottle  of  medication  to  approximately  body  temperature 
and  keep  warm  until  used. 


Preparation  of  the  Animal  for  Injection: 


1     Approximate  location  of  vein.    The  jugular  vein  runs  in  the 
jugular  groove  on  each  side  of  the  neck  from,  the  angle  of  the  jaw  to 
julTabove  the  brisket  and  slightly  above  and  to  the  side  of  the 
windpipe.  (See  Fig.  II  and  III.) 


Jugular  Groove 


FIGURE  II 
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Vertebra  \^  Muscles 

earoHd^terg^^/\^%Earofid  Artery 
Jugular ifeiri^v  V/  /^Uiigiilar  Vein 
Jugular  Groove -wA  T^/.-M  Jugular  Groove 

_       _  \\V\  /-TV   

Ew^igU5(GulliO^^^<^^Treacbea 
^^P^  (Wind  Pipe) 

FIGURE  III 

2.    Restraint — a  stanchion  or  chute  is  ideal  for  restraining  the  . 
animal.    With  a  halter,  rope,  or  cattle  leader  (nose  tongs),  pull  the 

animal1 s  head  around  the  sid^  of  the  stanchion,  cattle  chute  or  post 
in  such  a  manner  to  form  a  bow  in  the.  neck  (See  Fig.  IV),  then  snub 
the  head  securely  to  prevent  movement.    By  forming  the  bow  in  the  neck, 
the  outside  curvature  of  the  bow  tends  to  expose  the  jugular  vein  and 

make  it  easily  accessible.    Caution,    Avoid  a  tightrope  or  halter 
around  the  throat  or  upper  neck  which  might  impede  blood  flow.  Animals 
that  are  down  present  no  problem  so  far  as  restraint  is  concerned. 


3.    Clip  hair  in  area  where  injection  is  to  be  made  (over  the 
vein  in  tne  upper  third  of  the  neck) *    Clean  and  disinfect  the  skin 
with  alcohol  or  other  suitable  antiseptic. 
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Entering  the  Vein  and  Making  the  Injection: 

1*    Raise  the  veinj  this  is  accomplished  by  tying  the  choke 
rope  tight  around  the  neck,  close  to  the  shoulder. The  rope  should 
be  tied  in  such  a  way  that  it  will  not  cane  loose  and  so  that  it 
can  be  untied  quickly  by  pulling  the  loose  end  (See  Figj  IV) *  In 
thick-necked  animals,  a  block  of  wood  placed  in  the  jugular  groove 
between  the  rope  and  the  hide  will  help  considerably  in  applying 
the  desired  pressure. at  the  right  point.    The  vein  is  a  soft  .flexible 
tube  through  which  blood  flows  back  to  the  heart.    Under  ordinary 
conditions  it  cannot  be  seen  or  felt  with  the  fingers.    When  the 
flow  of  blood  is  blocked  at  the  base  of  the  neck  by  the  choke  rope, 
the  vein  becomes  enlarged  and  rigid  because  of  the  back  pressure i 
If  the  choke  rope  is  sufficiently  tight,  the  vein  stands  out  and  . 
can  be  easily  seen  and  felt  in  thin-necked  animals.    As  a  further 
check  in  identifying  the  vein^  tap  it  vith  the  fingers  in  front  of 
the  choke  rope*    Pulsations  that  can  be  seen  or  felt  with  the  fingers 

in  front  of  the  point  being  tapped  will  confirm  the  fact  that  the  

vein  is  properly  distended.    It  is  impossible  to  put  the  needle  into 
the  Vein  unless  it  is  distended.    Experienced  operators  are  able  to 
raise  the  vein  siitply  by  hand  pressure,  but  the  use  of  a  choke  rope 
is  more  certain^ 

2.    Inserting  the  needle.    This  involves  three  distinct  steps. 
Firsts  insert  the  needle  through  the  hide.    Second,  insert  the  needle 
Into  the  vein.    This  may  require  two  or  three  attempts  before  the 
vein  is  entered.    The  vein  has  a  tendency  to  roll  away  from  the 
point  of  the  needle,  especially  if  the  needle  is  not  sharp.  The 
vein  can  be  steadied  with  the  thumb  and  finger  of  one  hand.  With 
the  other  hand,  the  needle  point  is  placed  directly  over  the  vein, 
slanting  it  so  that  its  direction  is  along  the  length  of  the  vein, 
either  toward  the  head  or  toward  the  heart.    Properly  positioned 
this  way,  a  quick  thrust  of  the  needle  will  be  followed  by  a  spurt 
of  blcod  through  the  needle,  which  indicates  that  the  vein  has  been 
entered.    Thirds  once  in  the  vein,  the  needle  should  be  inserted 
along  the  length  of  the  vein  all  the  way  to  the  hub,  exercising 
caution  to  see  _ that  the  needle  does  not  penetrate  the  opposite"- side 
of  the  vein*    Continuous  steady  flow  of  blood _through  the  needle 
indicates  that  the  needle  is  still  in  the  vein.    If  bicod  does  not 
flow  continuously,  the  needle  is  out  of  the  vein  (or  clogged)  and 
another  attempt  .must  be  made.    If  difficulty  is  encountered,  it  may 
be  advisable  to  use  the  vein  on  the  other  side  of  %he  necki 

3i    While  the  needle  is  being  placed  in  proper  position  in  the 
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yairij  ah  assistant  should  get  the _ medication  ready  so  that  the  in- 
fection can  be  started  without  delay  after  the  vein  has  been  entered, 
Rerobv*  the  rubber  stopper  fran  the  bottle  of  iiltrayenc^  solution 
connect  the  ihtravehbus  _tube  to  the  heck  of  the  bottle #  invert  the 
bottle  aiii  allow  same  of  the  solution  to  run  through  the  tube  to 
eliminate  all  air  bubbles. 

Hi    Hafcihg  the  injection *    With  needle  in  proper  position  as  in- 
dicated by  continuous  flov  of  blood,  release  the  choice  rope  by  a  quick 
pull  on  the  free  end*    This  is  essentiil— the  medication  cannot  flow 
into  the  vein  *hile  the  vein  is  blocked •    Iirmiediately_  connect  the  ihr_ 
traveh'  ^is  tube  to  the  needle^  and  raise  the  bottle*    The  sblutioh_ will 
flow  in  by  gravity  (See  Fig.  V.)#r  The  rate  of  flow  can  be  controlled 
by  pinching  the  tube  between  the  thumb  and  forefinger  or  by  raising 
and  lowering  the  bottle.    Bubbles  entering  the  bottle  through  the  air 
tube  cr  valve  indicate  the  rate  at  which  the  medication  is  flowing. 
If  the  flow  should  stop,  this  means  ilia  nsedle  has  slipped  out  of  the 
vein  (or  is  clogged)  and  the  operation  will  have  to  be  repeated.  Watch 
for  any  swelling  under  the  skin  near  the  needle^  which  would  indicate 
that  the  medication  is  hot  going  into  the  veihi    Should  this  becur^ 
it  is  best  to  try  the  vein  on  the  opposite  side  of  the  neck.  Sudden 
movement  of  the  animal,  especisiiy  twisting  o£  the  neck  or^aising  or 
lowering  the  head,  may  sometimes  cause  the  needle  to  b tip  out  of  tns> 
vein.    To  prevent  this,  tape  the  needle  hub  to  the  skin  of  the  neck  to 
hold  the  needle  in  position.    Whenever  there  is  ar^  doubt  as  to  the 
position  of  the  needle,  this  should  be  checked  in  the  following  manner : 
Pinch  off  the  intravenous  tube  to  stop  flowA  disconnect^  the  tube  f ram 
the  needle  and  re-apply  pressure  to  the  vein^    FVee  flew  of  blood 
through  the  needle  indicates  that  it  is  in  proper  position  and  the 
injection  can  then  be  continued. 


FIGURE  V 
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«?.    Removing  the  needle.    When  Injection  is  eowpOet^  remove 
needle  with  a  straight  pull.    Then  apply  pressure  over  area  of  in- 
jection momentarily  to  control  any  bleeding  through  needle  puncture, 
using  cotton  soaked  in  alcohol  or  other  suitable  antiseptic. 


Precautions: 

1.  Inexperienced  persons  will  find  the  intraperiton-il  method 
simpler  than  the  intravenous  method  and,  except  in  cases  of  extreme 

'emergencies.  intraperitoneal  injection  is  the  method  of  preference, 
provided  this  method  is  recommended  on  the  label  of  the  product 
being  used. 

2.  To  reduce  the  likelihood  of  shock,  ir '.ravenous  solutions 
should'be  warmed  to  approximately  body  temperature  before  injection. 

3.  Rapid  injection  may  occasionally  product  shock.  Administer 
slowly.    Rate  of  injection  may  bo  controlled  by  raising  or  lowering 
the  bottle  or  pinching  the  tube.    Trie  animal  should  be  observed  at 

11  times  during  the  injection  in  order  not  to  give  the  solution  too 
fast. ''This  may  be  determined  by  watching  the  respiration  of  the 
animal  and  feeling  or  listening  to  the  heart  beat.    If  the  heart  beat 
and  respiration  increase  markedly,  the  rate  of  injection  should  be 
immediately  stopped  by  pinching  th«  tube  until  the  animal  recovers 
approximately  to  its  previous  respiration  or  heart  beat  rate,  when 
the  injection  can  be  resumed  at  a  slower  rats. 

U.    If  symptoms  of  shock  are  seen  or  the  animal  shows  an/  signs 
of  distress,  administration  can  be  interrupted  by  pinching  the  in- 
travenous tube.    If  symptoms  persist,  the  injection  should  be  ter- 
minated entirely. 

INTRAPERITONEAL :    Injection  is  made  through  the  abdominal  wall 
and  directly  into  the  abdominal  cavity.    This  method  is  used  when  a 
large  quantity  of  solution  is  to  be  given,  rapid  absorption  is  de- 
sired, and  the  vein  cannot  be  usedi 


DIRECTIONS  FOR  MAKING  AN 
INTRAPERITONEAL  INJECTION 
m  CATTLE  i 


Equipment  Needed: 

ii    Gravity  flow  intravenous  set. 
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2.  Hypodermic  needles^  lh  or  16  gauge ^lj  or  2  inches  long  arid 
very  sharp.  Extra  needles  should  be  available  in  case  the  brie  being 
used  bee cnes  clogged.  ^ 

3#    Scissors  or  clippers i 

U#    7056  Rubbing  Alcohol  Compound  or  other  equally  effective 
antiseptic  for  disinfecting  the  skin.    Blue  fcotion  is  ideal  for 
this  purpose. 

5#    The  medication  to  be  given. 


Preparation  of  Equipment: 


Thoroughly  clean  the  needles  and  intravenous  set  and  disinfect 

them  by  boiling  i.i  water  for  twenty  minutes.    Warm  the  bottle  of   - 

medication  to  approximately  body  temperature  and  keep  warm  until  used# 


Locating  the  Injection  Area: 

Ah  intraperitoneal  injection  is  made  through  *the  belly  wall  on 
the  animal^  right  side  (never  oh  the  left)  at  a  point  about  three 
inches  below  the  edge  of  the  loin  muscles  and  midway  between  the 
point  of  the  hip  and  the  last  rib/  :  This  is  the  center  of  a  trian- 
gular depression  called  the  "hollow  of  the  flank,"  illustrated  in 
Figure  VI# 


Preparation  of  the  Animal  for  Injection: 

The  injection  can  be  made  most  easily  if  the  animal  is  restrained 


I  1 


FIGURE  VI 
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in  a  standing  position,  pref ersbly in  a  atahchibh  or  cattle  chute 
Clip  the  hai^frarc  the  area  where  the  needle  is  to  be  inae^ted.  Then 
awab  the  area  vigorously  with  alcohol  or  other  equally  effective  anti- 
septic to  clean  and  disinfect  the  skin* 

/        Inserting  the  Needle  and  Hairing  the  Injection: 

At  the  center  of  the  triangular  depression,  Jtdld  the  needle 
^rpexvlicular  to  the  skin,  thus  pointing  it  approximately  toward 
the  center  of  the  body*    Then,  with  a  quick  thrust,  insert  the 
needle  through  the  belly  wall  all  the  way  to  the  hub.    This  will 
put  the  end  of  the  needle  into  the  peritoneal  cavity.    (In  thick 
skinned  animals  where  penetration  is  difficult,  attach  to  the  needle 
a  sterile  veterinary  syringe  with  which  the  operator  can  obtain  a 
Setter  grip  and  make  a  more  forceful  thrust* ) 

When  the  needle  is  being  placed  in  proper  position,  ©^assistant 
should  get  the  medication  ready  by  removing  the  rubber  stopper  f ran  * 
the  bottle  and  attaching  the  intravenous  tube  to  the  neck  of  the 
bottle.    Then  invert  the  bottle  and  allow  a  small  quantity  of  the  eolu- 
^.  tion  to  run  through  the  tufce  to  eliminate  all  air  bubbles. 

Connect  the  intravenous  tube  to  the  hub  of  the  needle  and 
elevate  the  bottle.    If  -the  needle  is  in  proper  position  the  solu- 
tion will  flow  rapidly  as  indicated  by  a  steady  stresn  of  bubbles 
entering  the  bottle  through  the  air  tube  or  valve.    If  the  solution 
does  not  flow  readily,  disconnect  the  intravenous  tube,  withdraw 
VJT  the  needle  a  short  distance^  and  reinsert  at  the  proper  angle.  If 

thy*  fails  to  correct  the  trouble*  the  needle  ie  probably  clogged 
with  a  plug  of  tissue  in  which  case  a,  hew  needle  should  be  used.  0 


1  Removal  of  the  Needle: 

After  the  proper  dosage  has  been ^administered,  pinch  off  the 
tube  to  prevent  further  flow,  ^disconnect  the  tube,  arx*  quickly  with- 
draw the  needle.    Then  swab  the  site  of  the  needle  puncture  with 
alcohol  or  other  equally  effective  antiseptics* 
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DIRECTIONS  .  FOR.  MAKING  All 


INTRAPERITONEAL  INJECTION 
IN  SHEER. 


First  read  th6  directions  for  making  this  injection  in  cattle. 
The  principles  involved  ar6  identical.    Sheep  can  be  easily  re- 
strained  by  an  assistant  who  straddles  the  animal  just  in  front  of 
the  shoulders.    For  sheep,  use  a  16-gauge  needle,  if inches  long. 

Since  the  dosage  for  sheep_is  relatively  snail,  an  ordiJiary  4 
veterinary  syringe  of  25-cc  or  5Qcc  capacity  is  generally  preferred 
instead  of  an  intravenous  set.    Sterilize  needles  and  syringes  by 
boiling  in  water  for  20  minutes •    Disinfect  the  bottle  stopper  before 
puncturing.    Use  a  separate  needle  for  filling  the  syringe. 

Make  injection  on  the  animal's  right  side  as  described  under 
cattle.    The  triangular  depression  is  not  always  apparent  to  the  eye 
in  heavily  wooled  animals,  but  after  clipping  the  area  the  depression 
can  be  easily  seen  or  felt  with  the  hand.    Be  sure  to  disinfect  the 
skin,  as  described  under  cattle^  before  making  the  injection* 


DIRECTIONS  FOR  -  MAKING  -  AN 
;  ?  INTRAPERITONEAL  INJECTION 

IN  SWINE 

Equipment  Needed: 

1#    Gravity  flow  intravenous  set  (for  large  hogs  when  dosage  to 
be  given  is  large)  or  a  25-cc  or  50cc  veterinary  syringe  (for  pigs 
when  dosage  to  be  given  is  small)* 

2.    Hypodermic  needles^  i6-gauge ,  at  least  3  inches  long  for 
heavy  hogs,  1  inch  long  for  pigs* 

%.    Scissors  or  clippers* 

\x.  70%  rubbing  aLcohol  compound  or  other  equally  effective 
antiseptic  for  disinfecting  the  skin.  Blue  Lotion  is  ideal  for 
this  purpose i 

5,    The  medication  to  be  given. 

Preparation  of  Equipment: 

Thoroughly  clean  the  needles  and  intravenous  set  or  syringes  arid, 
disinfect  them  by  boiling  in  water  for  twenty  minutes i    Warm  the  bottle 
of  medication  to  approximately  body  temperature  and  keep  warm  until  used* 
If  the  injection  is  to  be  made  with  a  syringe^  swab  the  stopper  with 
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disinfectant  before  puncturing  it  with  the  needle.    Use  a  separate 
needle  f < r  filling  the  syringe. 

Procedure  for  Heavy  Hogs 

Area  of  Injection: 

<s  ^_ 
The  place  to  make  the  injection  is  on  the  animal's  right  side 
at  a  point  about  2|  inches  below  the  loin  muscles  and  midway  between 
the  last  rib  and  the  point  of  the  hip.    (See  Fig.  VII) 


Preparation  of  Animal: 

If  necessary,  restrain  the  animal  by  putting  a  noose  in  the  mouth 
behind  the  tusks  and  pulling  it  tight  around  the  upper  Jaw.    Tie  the 
free  end  of  the  rope  to  a  post*    Cup  the  hair  f ran  the  area  where  the 
needle  is  to  be  inserted.    Then  swab  the  area  vigorously  with  alcohol 
or  other  equally  effective  antiseptic  to  clean  and  disinfect  the  skin 


FIGURE  VII 


Inserting  the  Needle  and  Making  the  injection: 

At  the  point  of  injection  described  above^  hold ^the  needle^ 
perpendicular  to  the  skin,  thus  directing  it  approximately  toward 
the  center  of  the  body*    Then  with  a  quick  thrust,  insert  the  needle 
through  the  belly  wall  all  the  Way  to  the  hub.    This  will  put  the 
end  of  the  needle  into  the  peritoneal  cavity. 

While  the  needle  is  being  placed  in  proper  position,  an  assistant 
should  get  the  medication  ready  by  removing  the  rubber  stopper  from  the 
bottle  and  attaching  the  intravenous  tube  to  the  neck  of  the  bottle. 
Then  invert  the  bottle  and  allow  a  small  quantity  of  the  solution  to 
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run  through  the  tube  to  eiim±hate  all  air  bubbles i 

Gbririec%  the  intravenous  tiSe  to  the  hub  of  the  needle  and  elevate 
the  bottles    if  the  needle  is  in  proper  position  the  solution  will  flow 
rigidly  as  indicated  by  a  steady  strean  of  bubbles  entering  the  bottle 
through  the  air  tube  or  valve.    If  the  solution  does  not  flow  readily, 
disconnect  the  intravenous  tube,  withdraw  the  needle  a  short  distance, 
and  reinsert  at  the  proper  angle.    If  this  fails  to  c^vrect  the  trouble, 
the  needle  i3  probably  clogged  with  a  plug  of  tissue,  in  which  case  a 
new  needle  vhould  be  used. 

Removal  of  the  Needle: 

After  the  proper  dosage  has  been  administered,  pinch  off  the  tube 
to  prevent  further  flow,  disconnect  the  tube,  and  quickly. withdraw  the 
needle.    Then  swab  the  site  of  the  needle  puncture  with  alcohol  or 
other  equally  effective  antiseptic. 


Procedure  for  Pigs 
(Suitable  for  any  swine  not  too  heavy  to  be  handled) 

Area  of  Injection: 

The  injection  is  made  thru  the  belly  wall  at  a  point  half  way 
between  the  fold  of  the  f lahJc  and  the  midline.    (See  Fig*  VIII)  In 
most  pigs,  this  point  lies  between  the  rear  nipple  and  the  next 
nipple  in  front*    The  injection  can  be  made  either  to  the;  left  or 
to  the  right  of  the  midline * 


FIGURE  VIII 

Preparation  of  Animal: 


The  animal  must  be  restrained  by  one  of  two  methods:    (!)  An 
assistant  holds  the^pig  up  by  the  hind  legs,  squeezing  pig's  body  b3- 
tweeh  assistant's  knees  to  prevent  movement.    (2)  The  pig  is  placed  on 
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its  back  in  a  V-shaped .  trough  ndteU  _down  ^th_thJji^^  " 
Snded*    In  case  the  pigs  are  fairly  large,  two,  assistants  may  be 
Squired,  ^ne  to  hold  the  hind  legs,  ahd.toe  Other  the  fore  legs, 
Se  Sough  should  slope  at  an  angle  of  30  degrees  or  mors  j**** 
pig's  held  at  the  low  end  of  the  trough.    This  sloping  position 
practically  eliminate  the  pOBsibii±ty  of  puncturing  the^^tes tine. 
Clip  the  haii-  from  the  area  of  injection  and  awab  the  skin  with 
alcohol  *  other  effective  antiseptic  to  clean  and  disinfect  the  skto. 

Inserting  the  Needle  and  Making  the  Injection: 

After  filling  the  syringe  (use  a  separate  needle)  with  the  re- 
quired dosage,  attach  a  sterile  needle,  16-gauge,  1  inch  in  length. 
At  the  point  of  injection  described  above,  place  the  needle  pogt 
against  the  skin,  pointing  it  toward  toe  center  of  the  bo^.  Quickly 
thSfthe  needle  ?hrough  the  belly  wall  all  the  *ay  up  to  the  hub. 
Inject  the  full  dosage  and  withdraw  toe  needle*    Swab  toe  needle 
rSUnws  with  alcohol  or  more  equally  effective  antiseptic  and  re- 
SWi^TS  »ori  thSnqone  Jyringeful  is  required,  disconnect 
toe  syringe  leaving  the  needle  in  place  in  the _P±i!?  belg,  SefUl 
toe  syringe,  connect  to  the  needle  and  make  the  second  injection. 

INTRAMUSCULAR:    Injection  is  through  toe  skin  and  subcutaneous 
tissue,  directly  into  the  muscle.    Absorption  is  very  rapid  in  this  case. 

DIRECTIONS  FOR  MAKING  AN 
INTRAMUSCULAR  INJECTION  IN 
DOMESTIC  ANIMALS 

(Cattle,  sheep,  swine,  horses  and  dogs) 

Equipment  Needed: 

li    A  25  or  50cc  TCtorinary  syringe. 

2.    Hypodermic  needle,  16  gauge,  3/U  to  1  inch  in  length. 
3i    Scissors  or  clippers. 

ii     701  rubbing  alcohol  compound  or  other  equally  effe?*iv*  on 
antiseptic  for^stofecting  the  skin  and  bottle  stopper.    Blue  Lotion 


314 

:'  298 

o 

ERIC 


is  ideal  for  this  purpose  i  - 
$.    The  medication  to  be  giveru 

Preparation  of  Equipment: 

Clean  and  disinfect  the  needles,  and  syringe  by  boiling  in  water 
for  20  minutes. 


Areas  of  Injection: 

An  intramuscular^  injection  is  made  directly  into  the  muscle 
tissue  or  meat.    Heavily  muscled  portions  of  the  body  such  as  the 
neck,  shoulder  and  hindquarter  should  be  utilized.    Not  more  than 
2$-cc  should  be  injected  in  any  one  spot  in  large  animals — cattle , 
horses,  arid  heavy  hogs.    In  small  antoals— sheep^  pigs*  and  dogs 
--not  more  than  10  to  15  cc  should  be  injected  in  one  spot.  Where 
the  dosage  to  be  given  is  large,  as  much  as  5©0  cc  can  be  injected 
into  cattle  by  distributing  the  dosage  in  25-cc  amounts  into  the 
heavy  muscles  of  the  neck,  shoulder,  and  hindquarter  on  both  sides. 


Preparation  of  Animal: 

Restrain  the  animal  by  the  best  means  available.    A  stanchion 
or  chute  is  ideal  for  large  animals*    Clip,  the  hair  fran  the  area  in 
which  the  injection  is  to  be  given  and  swab  the  clipped  areas  vig- 
orously with  alcohol  or  other  equally  effective  antiseptic. 


Inserting  the  Needle  and  Making  the  Injection: 

Fill  the  syringe  with  the  medication  to  be  given,  using  a 
separate  needle  for  filling.    Disinfect  the  rubber  stopper  before 
inserting  the  needle  into  the  bottle • 

Insert  a  previously  disiirffct*d  needle  deeply  into  the  muscle 
tissue  with  a  quick  thrust*    6baerve  the  hub  of  the  needle  for  a 
moment.    If  blood  begins  to  flow  out  of  the  needle,  it  is  probably 
in  a  blood  vessel  and  the  needle  should  be  withdrawn  and  re-inserted 
in  a  different  direction.    Attach  the  syringe  to  the  needle  and  in- 
ject the  medication  slowly. 
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After  the  medication  has  been _i^ected,  remove  the  needle  stiii 
attached  to  the  syringe  and  massage  the  area  with  cotton  soaked  in 
alcohol  so  as  to  spread  the  medication  through  the  muscle  tissue *  The 
above  procedure  is  repeated  in  each  injection  area  until  the?  full 
recommended  dose  of  medication  has  been  given* 

SUBCUTANEOUS:    Injection  into  the  tissue  beneath  the  skin. 


DIRECTIONS  FOR  MAKING  A 
SUBCUTANEOUS  INJECTION 
IN  DOMESTIC  ANIMALS 


(Cattle,  sheep,  swine,  horses  and  dogs) 


Firsts  read  directions  for  making  an  intraniuBCuiar  injection*  _ 
The  equipment  needed,  its  preparation,  and  preparation  of  the  animal 
are  the  same  as  for  ah  intramuscular  injection* 

A  si&cutanecms  injection  is  ah_  injection  made  beneath  tee  skta| 
i.e#1  between  the  skin  and  the  muscle  tissue*  The  reccnownded  awas 
of  injection  are  places  where  the  skin  is  loose,  particularly  on  the 
sides  of  the  neck  a»i  behind  the  shoulder*  In  pigs  ard  sheep  the 
axillary  space  is  frequently  used  for  subcutaneous  injection*  The^ 
axillary  space  lies  between  the  foreleg  and  the  chest  wall,  and  cor- 
responds to  the  armpit  in  man* 

To  make  the  injection,  pinch  up  a  fold  of  skin  between  t>^  thumb 
and  fingers  (not  necessary  if  axillary  space  is  used).    Insert  the 
needle  under  the  fold  in  a  direction  approximately  parallel  to  the 
surface  of  the  body.    When  the  needle  is  inserted  in  this  manner,  the 
medication  will  be  delivered  underneath  the  skin  between  the  skin  and 
the  muscles*    Observe  the  same  precautions  regarding  clipping  and 
disinfecting  the  skin  as  outlined  under  intranuscular  injections* 


ORAL:    By  the  mouth—drugs  are  usually  given  by  the  mouth  and 
are  absorbed  in  the  stomach  and  intestines*^    Absorption  is  more  rapid 
when  drugs  are  given  in  solution  into  an  empty  stomach j  slower  when 
administered  in  powder,  pill  or  ball  form,  and  on  a  full  stomach. 
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OTHER  METHODS  OF 


ADMINISTERING  DRUGS 


INHALATION:    (Inhale).    Volatile  drugs  are  used  mainly  for  their 
local  action  on  the  respiratory  tract. 

RECTAL:    By  the  rectum.    This  method  is  used  when  oral  administration 
is  inadvisable  or  Impossible,  because  of  paralysis  of  the  throat,  etci 
Absorption  here  is  slower. 

TOPICAL:  Local  application  to  external  surfaces  of  the  body: 
Absorption  by  this  method  is  extremely  slow  and  the  effects  of  the 
drug  are  limited  to  the  treated  area* 

BODY  TEMPERATURE 
Average  Rectal  Temperature 


Horse  •  •  »  100.2 

Ass  .  ....  «  ...  •  98.5 

Cow  101.5 

Sheep  .........  102.3 

Goat  103.3 

Pig  101.7-103.3 

Dbg  *  .  .  t  .  .  .  101.0-102.0 

Cat  101.7 

Fowl  106=9-109.0 
Duck  107.8-110.5 
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Disease:  Acelonema' 

Cause;  Metabolic  disturbance  occoifing  as  a  complication  of 
  milk  fever  of  as  a  resuH:  of  poor  winter  feeding. 

Syirptom:  Reduced  milk  flow,  constipation  and  rapid  loss  of 

weight. 

Treatment:       Subcutaneous  injectiOT  b¥  250  to  500  c.c.  of  Sterile 
—  Glucose  Solution    repeated  in  24  hours  if  needed. 

Prevention:      Provide  molasses ,  high-quality  hay  and/or  good  pasture 
gras ses . 

Disease:  Actinomycosis    (Lunp  Jaw)  and  Actinobacillosis  (Wooden 

Tonguej  ~ 

Causes  Fungus  organisms. 

Symtonr;  Tumor-like  swellings  or  enlargements  of  tissues  about 

3  "r  the  head  and  throat.    Swellings  contain  yellowish- 

white  pus. 

Treatment:       Intravenous  injection  of  S00  c.c.  of  Sodium  Iodide 
per  1,000  pounds  animal  weight. 

Prevention:     Mix  one  pound  organic  Iodide  conpound  with  50  pounds 
of  salt  and  feed  free  choice. 

Disease :  Anaplasmosis 

gause:  Protozoan  blood  parasite, 

Synptom:  Anemia  as  shown  by  loss  of  appetite,  loss  of  flesh, 

  and  yellowish  discoloration  of  visible  mucous 

nembranes. 

Treatnent:       Intramuscular  injection  of  Sodium  Cacodyl ate  Solution; 

5  CiC.  for  each  100  pounds  body  weight.     In  cases  of 
exhaustion  also  give  100  c.c.  of  Sterile  Glucose 
Solution. 

Prevention:      Control  flies  and  other  insects  by  spraying. 
Disease :  Anthrax 

Cause;  Bacterium  passed  in  contaminated  feed  or  water* 
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Symptom: 


Diagnosis: 
Treatment : 


Prevention: 


Spasm,  staggering^  arid  death _wi thin  a  few  hours. 
Rapid  deebnpbsitioh  occurs  after  death  and  blood 
fails  to  clot. 

Laboratory  blood  analysis* 

100  to  250  c.c.  of  Ant i-Anthrax  serum  should  be 
given  daily  until  animal's  body  temperature  returns 
to  normal.    Supplement  large  doses  of  Penicillin 
every  4  hours. 

Vaccination  every  2-1/^to  3  months  if  anthrax  is 
known  to  the  area.    Burn  and  bury  all  dead  animals. 


Cause: 


Bacterium 


om: 


Lameness  r  stiffness  -9  and  possible  bloody  discharge. 
Death  is  rapid. 


Treatment:       Not  practical. 


Caifhood  vaccination  of  one  5  c.c.  dose  of  Blackleg 
Bacteriri  whole  culture  (Alum  Treated).    Burn  and 
bury  dead  animals. 


Disease : 


Brucellosis 


Cause: 

Symptom: 
Diagnosis: 
Treatirerit: 
Prevention: 


Infectious  disease  which  acts  oh  the  genital  tract. 
Spreads  by  breeding  of  infected  animals. 

Abortion. 

Blood  Test. 

None . 

Caifhood  vaccination  with  Brucella  Abortus  Vaccine  - 
S  c.c.  per  animal,  sterilizing  all  syringes  and 
needles  between  each  vaccination. 


Cause : 


Symptom: 


Calf  Diphtheria 

Actinomyces  necrophorus  infection. 

Infected  larynx _--  high  teirperature^  distressed 
breathing,  and  death  due  to  strangulation,  tifected 
mocth       emaciation  and  salivation. 
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Prevention: 


Intraperitoneal ly  administer  25  c.a  per  100  pounds 
of  Triple-Sulfa  solution.    Segregate  sick  animals. 

Clean  and  disinfect  all  water  and  feed  containers; 
generally  clean  the  animal  area. 


Disease: 

Cause: 

Symptom: 

Treatment : 


(White  Scours) 


Colon  bacillus  present  in  the  digestive  tract* 

Grey  or  white  fluid  diarrhea  which  has  an  offensive 
odor. 

One  Calf  Scour  Bolus  for  each  SO  pounds  of  body  weight. 
If  serious,  inject  50  to  100  c.c.  of  Antibacterial  Serun 
(Bovine)  also  give  injections  of  Vitamins  A-D-E  in  oil 
solution. 

Sanitation. 


Disease: 


Cause: 
:cm: 


Treatir  tfnt : 


Prevention: 


Foot  Rot 

Injury  to  feet  with  subsequent  infection. 
Slight  lameness  to  complete  rotting  of  the  hoof. 


Triple-Sulfa  solution  given  intravenously  or  intra- 
peritoneal ly. 

Mix  one  pound  organic  Iodide  compound  with  50  pounds 
salt  and  feed  free  choice * 


Disease: 


Cause: 


am: 


Treatment : 


Prevention: 


lii  (Shipping  Fever) 


Lowered  resistance  making  the  animal  subject  to 
Pasteurella  organisms. 

Couch,  difficult  breathing,  temperature,  staggering, 
and  death.    Dead  animals  have  blood  spots  on  the 
heart,  lungs  and  intestinal  membranes. 

Isolation  and  100  to  500  c.c.  dose  of  Anti-Hemorrhagic- 
Septicemia  Serun,  repeated  in  24  hours  as  needed. 

Caifhood  vaccination  (whole  Culture)  using  a  5  c.c.  dose. 
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Disease : 
Cause: 

Synqptom; 

Treatment : 


Cowpox 

Filterable  virus  picked  up  through  the  skin  of  sus- 
ceptible animals. 


Inflamed  areas  on  upper  teat s^  and  inner  surface  of 
thighs^    Bunps  and  blisters  may  be  present. 


The  disease  will  run  its  course  but  Sulfa  lotion 
aids  healing  of  Cowpox  sores. 


Prevention:      Isolate  sick  animals. 


FXTKRNAL  PARASITES  QF  GATTLE 


Parasites:       Horn  flies,  licej  gnats j  mosquitoes  and  cattle  grubs. 

Treatment:       Malathiony  DDT^  Chlordane,  and  Lindane.    Treatnwit  my 
be  given  by  spraying  or  dipping.    Methods  of  ^plica- 
tion should  follow  the  recomnendation  for  the  product 
used. 


fer-asite ; 


Screw  Worms 


Screw  worm  fly  lays  eggs  which  hatch  into  small  larvae 
or  worms  that  burrow  into  raw  tissue. 


Synptom:  Raw  open  wound  with  worms  inside. 

Treatment :       Use  a  liquid  screw  worm  killer  containing  Benzol  and 
Chloroform. 


CATTLE  BLOAT 


Cause:  Accumulation  of  excessive  gas  in  the  paunch  created  

by  changes  in  feed,  overeating  or  mechanical  problens. 

Treatment :       two  ounces  of  Equi-pine  mixed j?ith  a  pint  of  Mineral 
Oil  given  as  a  drench.    For  acute  cases  paicture  the 
paunch  by  cutting  a  hole  in  the  upper  left  flank  mid- 
way between  the  last  rib  and  the  point  of  the  hip. 


CATTLE  INDIGESTION 

Cause:  Spoiled  or  damaged  feeds  and  other  indigestible  sub- 

stances. 

Enpty  the  digestive  tract  by  giving  2  ounces  of  Purga- 
tive every  6  hours  for  3  doses  or  until  relief  occurs. 
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;iTES  OF  CATTLE 


Parasites:       Stomach  worms,  nodular  worms,  hook  worms,  lung  worms, 
and  liver  Flukes. 

Tre^tmenl:       Pasture  rotation  arid  Rienothiazine  used  in  a  drench 

  or  feed.    Use  one  ounce  per  100  pounds  body  weight 

up  to  a  maximum  of  six  ounces. 


DISEASES 


Disease : 
Cause: 
Spread: 
SvuBtan; 


Prevention; 


Lmtospirbsis 

Germ  called  leptospira. 

Through  urine  of  infected  animals. 

Sudden  abortion ^  anemia,  yellowish  color,  and  blood- 
tinged  milk.  : 

None  effective. 

Sanitation  and  vaccination  with  Leptospira  ftnixta 
Becterin.    Vaccinate  calves  at  3  to  6  noiths  of  age 
and  each  year  thereaf  ten 


Disease: 
Cause:  i 
Symptont: 

Prevention: 


septicum  organism. 
Similar  to  Blackleg  with  a  higher  fever. 
Massive  doses  of  penicillin, 
5  c.c.  dose  of  Triple  Bacterin.  j 


Disease: 

Cause: 

Symptom: 

TT  ino  atitiont  • 


Streptococcus. 

Sudden  decrease  of  milk  and  lunpy,  stringy  or  bloody 
milk. 

Use  Sul f ani lamide- in-.oi  1  as  an  intramanmary  infusion, 
Milk  frequently  until  cured  and  apply  hot  epsom  salt 
water  packs  as  needed. 

Sanitation  and  control  of  flies. 
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Disease : 


itis 


Cause:  Bacterial  infection  in  the  uterus. 

Symptom:  Vaginal  discharge  -9  straining  and  loss  of  weight. 

Treatment :       Sulfanilamide  Uterine  boluses.    Use  3  to  6  boluses 
and  repeat  in  24  hours  if  needed. 

J^wntion:      Sanitation  at  giving.  Assist,  as  needed,  the 

removal  of  the  afterbirth. 


Disease: 
Cause : 
Symptom: 


Prevention: 


Milk  Fever 


Unknown. 


Nervousness ,  spasm  and  then  collapse.    Neck  assumes 
3- like  curve. 

Gal-O-Dex  or  Gal-D-Mag.    Administer  250  to  SQD  c.c. 
intravenously  and  repeat  in  12  to  24  hours  if  heeded. 

Provide  adequate  mineral  suppleirehts  especially 
during  pregnancy. 


•Disease:  Pink  Eye 

Causjg^:  Streptococci  and  Staphylococci  with  mineral  and 

vitamin  deficiencies  as  a  predisposing  factors 

Q osed  eyes,  reddened  eyelids,  and  white  scum  over 
the  eyeballs. 

Treatment :       Pink-Eye  powder;    a  mixture  of  Sulfanilamide,  foric 
Acidi  Acriflavih^  and  SUlfathiazble  sodium. 

Prevention :      Unknown . 


Bisease: 


Cause: 


Symptom: 


Infectious  disease  of  the  lungs  brought  on  by  chilling, 
crowding  and  malnutrition.  . 


Rapid  breathing,  hi^h  fever  and  loss  of  appetite. 
Lesions  are  found  in  the  lungs  of  dead  animals. 

240- grain  boluses  of  Suif  athiatzoie  every  8  hours  as 
heeded.    6ive  daily  injections  of  1  to  3  c.c*  of 
Vitamin  A-D-E; 

Prevention:     Avoid  exposure  to  cold,  crowding  and  malnutrition. 
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Disease: 


Red  Water  fir^ake 


Cause;  Bacillaiy  Hencglbbihuria  which  is  foimd  In  swanpy 

and  poorly-drained  areas*  .  > 

Syrotom:  Dark  urine,  high  tenperature  and  sudden  death. 

Dead  animals  show-  signs  of  hemorrhaging  on  the 
rembranes  lining  the  chest  and  abdonfen. 

Treatment:  None. 

Prevention:     Vaccinate  all  animals  in  infected  territories  with 
 — T~      Red  water  vaccine.     (Clostridium- Hemolyticum  Bactertn) 


PRUSSIC  ACI& 


Cause : 

Symptom: 
Treatment: 
Prevent ion : 


Hydrocyanic  acid  animals  obtain  by  eating  the  second 
growth  of  canes  and  sorghums. 

Muscular  trembles,  staggering,  and  sudden  death. 

30  to  60  c.c.  of  Thio-Nitro  Solution,  intravenous. 

Keep  animals  away  frbm  second  growths  of  cane  or 
sorghums • 


WARTS 

Cause:  Filterable  virus. 

Synptom:  Wart  growth  on  any  part  of  the  body. 

Treatment:  Culling,  sanitation,  and  use  of  Wart  Vaccine 
"  (Bovine  origin) 

Sanitation  *md  culling  of  warty  animals. 


WIEAT  POI5 


BRASS  TETANY 


Cause: 
Synptoro: 

Treatment: 


Fast  growing  young  wheat  of  grass. 

Incoordination,  loss  of  appetite  and  staggering. 
Convulsions,  with  periods  of  relaxation,  occur 
before  ths  animal  dies. 

500  c.c^bf  calcium  gluconate  by  slow  intravenous 
injection. 

z?^.4»wti  flrayinci  nf  voune  wheat  or  craves. 


Genera 


PENICILLIN  BCTF^SOJLAR  DOSA(£  FOR  CATTLE 

(Milk  impotable  until  a  week  after  last  dose) 

n    Allow  1  c.c.  to  each  100  pounds  body  weight. JJse 
'     16  gauge  1-1/2  inch  needle,.  Give  daily  for  infect 
Until  2  days  after  symptoms  disappear. 

SWINE 


Disease;  Anemia   

Cause:  tack  of  maf^esium,,  manganese ,  cobalt  and  zinc.  - 

Deficiencies  often  result  from  pigs  being  farrowed 
oh  concrete  or  wooden  floors  which  prevents  their 
access  to  the  soil. 

Synptom:  Sluggishness  and  difficult  breathing. 

Treatment:       Intrajnuscular  injection  of  2  c.c.  of  S*i-  Ron 
(Sterile  Iron  solution) 

Prevention:      Give  pigs  access  to  soil  or  inject  2  c*c.  of  Swi- 
Rot  per  pig  at  2-4  days  of  age^ 

Disease:  Brucellosis, 

Cause;  Brucella  sUis.     (Genital  Disease) 

>tbm:  Abortion  and  lameness, 

losis:       Blood  Test 
None 

  :     Cull  infected  animals 

Disease:  Swine  Erysipelas 

Cause:  Germ,  Eiysipeiothrix  rhusidpathiae* 

Syg^tom:  Red  discbibratiahs  on  skin#  difficult  breathing, 

high  temperature  -f  iJ\x  swollen  joints. 

Treatment:  Ant i- Swine -Erysipelas  Serum,  S>  c.c.  for  pigs  up  to 
— 5    "  SO  pounds  and  proportionate  increases  up  to  20  c.c« 

for  over  100  pounds. 

Prevention:  Vaccinate  all  svine  every  6  months  with  Erysipelas 
~ — ~~ ~ ~      Bacterin,  S  c.c. _»jp  to  106  pounds  and  10  c.c*  over 

100  pounds.    Sows  and  gilts  should  be _ vaccinated 

4  to  6  weeks  before  the 
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bis    se:  Hemorrhagic  Septicemia 

(See  Cattle  Section) 


Disease: 


Cause : 


Symptom : 


Swine  Flu 


Filterable  virus  affecting  the  respiratory  tract. 

Coughing,  temperature,  and  difficult  breathing. 
Qead  animals  have  a^heavv  mucus  in  the. Bronchi* 


Treatment:  Provide  warm,  dry  quarters  and  inject  2  to  5  c.C 
—  —        of  Vitamins.  A-D-E_  injectable  oil  solution. 

Prevention:      Provide  warm,  dry  quarters  during  cold  and  rainy 
seasons • 


Disease: 


Cause: 


Symptom: 


Treatment: 


Prevention: 


[log.  Cholera 
Filterable  virus. 

Wobbly  gait,  red  and  watery  eyes,  difficult  breathing 
and  diarrhea,    Dead  animals  have  bright  red  spots 
on  kidneys,  bladder,  lungs,  arid  lymph  glands. 

None  effective. 

Vaccinate  each  animal  with  5  c.c.  of  crystal  Violet 
Hog  Cholera  vaccine.    Pigs  should  be  6  weeks^old 
before  vaccination.    Always  place  vaccine  under  the 
skin  of  the  foreleg.    (Anti-Hog-Cholera  serom  may  _ 
be  used  to  provide  quick  immunity  lasting  only  about 
3  weeks,  however,  there  is  a  danger  that  serum  may 
interfere  with  later  development  of  good  immunity.) 


Disease: 
Cause: 
Symptom: 
Treatment : 


Food  upset  or  dietary  deficiency. 

Loose  bowel  movements  often  black  or  bloody. 

Feed  animal  protein  to  provide  B  vitamins,  Niacin, 
Riboflavin,  and  Calciun  Pantothenate.  Practice 
sanitation  by  providing  clean  food  and  water. 


Disease: 


Cause: 


as  Enteritis 


Vibrio  -  Necrotic  -  Necro  -  Bacterial  and  Generalized 
~   Septicemia  are  all  causative  organisms* 

Symptom:  Bloody  diarrhea,  watery  diarrhea,  or  other  diarrhea. 
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  Soditsn  Arsani  late  added  to  drinking  water  -$  feed  some 

-  *        whole  oats  or  bulky  feed,  put  SulfaqUindxaline  in 

drinking  water ^  and  use  antibiotics  plus  penicillin. 

Prevent ion:      Sanitation  and  proper  diets • 


Disease: 
Cause : 
Symptom : 
Treatment : 
Prevention: 


Leptospirosis 
Leptospira  pemona. 

Abortion  and  litters  with  some  dead  or  stunted  animals. 
None  effective a 

Vaccinate  with  Leptospira  Pomona  Bacterin  and  cull 
all  diseased  animals* 


SYMPTOM  TABLE 

ARE  THEY  AFFECTCO_WITH  HOG  CHOLERA,  SWINE  ERYSIPELAS $ 
OR  INFECTIOUS  GASTROENTERITIS? 


Examine  These 
Organs : 

SKIN 


EYES 
LIMBS 

EPIGLOTTIS 
LYMPH  GLANDS 

LUNGS 


Acute  

Hog  Cholera 

Spots  or  Hemo- 
rrhages do  hot  dis- 
appear oh  pressure 


Eyelids  gummy 


Knuckle  at  pastern 
joints 


Small  petechial 
hemorrhages 


Bright  red j  

enlarged,  and 
congested  at 
borders 


Real  dark  hemo- 
rrhages that  do 
riot  run  together 
are 


 Acute 

Swine  Erysipelas 

Scarlet  areas -- 
disappear  oh 
pressure; 
•'diamond  skin" 

Normal,  or  clear 
watery  discharge 

Hot j  painful  and 

frequently 

swollen 

Normal 


Little  change  in 
color  but  enlarged 


Normal;  may  He 
scattered  areas 
of  congestion 


Acute  Infectious 
Gastroenteritis 

Normal  or  exten- 
sive purple  dis- 
coloration of 
abdomen  just 
before  death 

Normal 


Normal 


Irregular  size 
hemorrhages  may 
be  present 

Enlarged,  con- 
gested, purplish- 
black  in  color 


Usually  scattered 
areas  of  conges- 
tion 


327 

311 


SgHFTOH  TAB  IE 


ARE  THE!  AFFECTED  WITH  HOG  CHOIERA,  SJINE  ERYSIPELAS* 
OR  INFECTIOUS  GASTROENTERITIS? 


Examine  These 
Organs: 


STOMACH 


Acute. 
Hog  Cholera 


Hembranes  usual3y 
normal. 


Acute 
Sirine  Erysipelas 

Contains  sons  f oodj 
iwmbraiie  s  fre  quent  ly 
show  pstciiy  areas  of 
congestion  and  heayy 
sticky  mucus  oh  sur- 
face* 


Acute  Infectious 
Gastroenteritis 


Contains  foul- 
srelline  ingesta. 
Usually  acute ,  dif- 
fuse inflaitmation. 


Normal  or  slight 
enlargerent  or_ 
discoloration  along 
edges;  dark. 


Frequently  normal; 
may  show  slight_en- 
largenent  with  red- 
dish-purple dis- 
coloration. 


Enlarged,  friable, 
dark  red  or  pur- 
plish-black in 
color. 


LIVER 


Normal  or  may  be 


Usually  normal. 


Frequently  enlarged 
yrt  congested. 


SMfrtt  INTESTINES    Normal  or  slight 
congestion. 

Generally  Slews 
rode  rate  conge  s- 
IARGE  INTESTINES    tion,  especially 
in  region  of 
ileocecal  vairo  • 


Frequently  congested. 


Usually  normal. 


Usually  cbxigested; 
may  show  petechial 
heitttrAagesjm 
mucous  rembraiie  • 

Usually  diffuse 
congestion  of  nuwus 
rantorane  error  large 
area. 


KEDNET 


DiiDEER 


p±n-po£nt 
petechial  hemor- 
rhages. 

^techial  hemor- 
rhages or  in- 
gestion of  nticous 
merabi^ane  • 


Usually  some  in- 
flammation present* 


 A_ 

Usually  _nbrmal  or( 
slight  cor 


Soft  and  congested, 
i^techial  hemorrhages 
large  and  irregular 
in  siz9. 

Numerous  hemor- 
rhages ,  irregular^ 
in  size;  extensiw 
diffuse  conge stioxu 
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Parasite: 


EXTERNAL  PARASITES  DP  SHINE 


Parasite:        Mange  (Mite) 

Treatment :  0.046  per  cent  Lindane  or  3  tablespoons  of  Lindane 
to  2-1/2  gallons  of  water  to  be  used  as  a  spray  or 
dip. 


Treatment :       A-D-A  Lice  powder  and  spraying  or  dipping  with 
Malathion  compound. 


INTERNAL  PARASITES  OF  SWINE 


Parasite : 


Treatment :       Keno  caps  which  contain  Oil  of  Qienopodiuiu  For 
pigs  46  to  80  pounds  give  one  cap,  over  80  pounds 
give  2  caps.    Fen  animals  18  to  24  hburs|  with- 
hold feed  and  water  for  3  hours  after  treatment. 


Parasite: 


Thorn-headed  Norms 


None 

Ring  noses  of  pigs  to  prevent  rooting. 


Parasite:        Nodular  Worms 

Treatment :       Phenothiazine  (Drench  grade)  with  Beritonite. 

S  grains  for  25  pound  pigs  up  to  30  grans  for  200 
pounds  and  over. 


PENICILLIN  INTRAMUSCULAR  DOSAGE  FOR  SWINE 

t:  Allow  1/2  CiCi  up  to  10  pounds;    1  CiC,  up  to  50 
pounds,  and  2  to  3  c.e.  for  hogs  between  100  to 
200  pounds.    Use  16  or  18  gauge  one  inch  needle.  Give 
daily  for  infections  until  2  days  after  symptoms  disappear. 


VITAMIN  DEFICIENCY  SYMPTOMS 


General  Rule:  All  young  are  born  with  low preserves  of ^itamins  A, 
Dj  and  E.    Weakness t  unthriftiness  and  emaciation 
are  inmediate  symptoms. 


Vitamin  A 


is  obtained  from  green  feeds  and  sun-cured  roughage . 
Swine  deficient  in  A  vitamin  show  slow  growth,  lame- 
ness and  will  often  have  diarrhea. 
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Vitamin  D 


Vitamin  E 


is  provided  in  sunshine i_  Deficient _aniaajs_h«ve  r 
enlarged  joints,  abnormal  walking,  and  humped  back* 

acts  as  an  anti-oxident.    It  stabilizes  vitamin  A 
and  increases  its  utilization  by  the  animals 


SHEEP  DISEASES 


Disease  t 


Cause: 


cm: 


Treatment: 


Enterotaxemia 

Organism,  Clostridium  perfringens  Type  D.  (Affects  Lambs) 

Walking  in  circles,  leaning,  throwing  head  back,  con- 
vulsions and  cana.    Dead  animals  show  hemorrhages  of, 
the  heart i 

None  effective.    Antitoxin  may  be  helpful  at  early  stages. 

5  c.c.  injection  of  Type  D  Bacterin  under  the  skin; 
Lambs  should  be  at  least  2  months  old.    Wait  4  weeks 
after  vaccination  before  slaughtering.    Reduce  the 
quantity  of  feed  if  the  disease  is  suspected. 


Disease:  Pink  Eye 

Cause:  Contagious  disease  associated  with  vitamin  A  deficiency. 

Symptom:  Eyes  water,  swell  and  become  inflamed. 

Treatment:  Isolation,  dark  quarters,  green  feed,  and  pink  eye 
  prescription. 

Prevention:  Green  feed. 


Disease : 

Cause: 

Symptom: 

Treatment: 
Prevention: 


Lambing  Paralysis 

Toxemia  resulting  from  lack  of  exercise. 

Slowness,  leaning,  paralysis  of  hindquarters  and  death 
within  I  or  7  days  of  onU.    Dead  animals  have  lesions 
on  livers 

Daily  injections  of  40  to  SO  c.c.  of  Sterile  Glucose 
Solution. 

Exercise  and  good  feeding  for  pregnant  animals. 
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Di sease: 


Soremouth 


Cause : 


Symptom: 


Prevention: 


Contagious  Ecthyma 


Tiny  blisters  on  lips  which  grow  and  become  filled  with 
pus.  These  eventually  scab  and  dry  if  no  complications 
develop; 

None 

Vaccination  with  Ovihe-Eethyma* 


Disease: 

Cause: 

Symptom: 

Treatment i 


Stiff  Lambs 

Unknown  (possibly  Ntetabolic) 


Lambs  show  stiffness,  muscular  tremors  and  inability 
to  rise. 

10  e*Ci  of  Wheat  Germ  oil  with  2  ounces  milk  -  daily 
until  improvement  is  noted. 


EXTERNAL  PARASITES  OF^SHEEP 


Cause: 
Symptom: 
Treatment : 
Prevention*: 


Sheep-Scab  (Mange) 
Mange  mites. 

Unthrifty  animals  that  nib  and  scratch. 
Lindane  mixed  the  same  as  for  Hog  Mange. 
Quarantine  and  examine  new  animals  for  id  days. 


Parasite  t 


Parasite: 
Cause: 
Symptom: 
Treatment : 

Parasite: 
Cause : 
torn: 


1  part  maiathioh  to  10  parts  water  or  A-D-A  Lice  powder. 

Sheep  Ticks 

Wingless  Fly 

Off  feed  and  restless. 

Two-tenths  per  cent  DDT  emulsion. 


Larvae  of  Sheep  Botfly* 

Sheep  run  with  nose  to  ground  during  fly  season. 
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Treatment:  None; 

Prevention:  Smear  Pine  Tar  on  the  nose; 

Parasite:  Foot  Rot  (Fungus) 

Symptom:  Redness  and  swelling  of  the  skin  above  the  hoof.  Lameness. 

Treatment:       Trim  feet  removing  loose  hoof  arid  bathe  in  Cepper  Sulfate 
dissolved  in  water  -  if  solution  is  strong  one  or  two 
minutes  is  enough.    Apply  a  suitable  antiseptics 

Prevention:      Keep  infected  animals  away  from  clean  flocks.  Sheep 
should  be  on  dry  ground. 

ilTES  OF  SHEEP 


Parasites:       Same  as  Cattle 

Symptom:  Anemic  reaction.    Sheep  become  weak  and  stunted;  often 

have  swollen  stomach  or  jaws. 

Treatment : •      Phencthiazine  drencht  boluses  or  feed  mix*    Lead.  Arse- 
'  nate  may  be  needed  for  tapeworms . 

PENICILLIN  tNTRANRJSCULAR  DOSAGE  FOR  SHEEP 

General-Rule:  Lambs  up  to  10  pounds,  1/4  to  1/2  c.c.;    10  to  20  pounds, 
  1/2  to  3/4  c.c. ;    20  to  60  pounds,  3/4  to  1  c.c;  for 

100  pounds  use  1  to  2  c.c.  JJse  18  j^auge  one  inch  needle. 

Hive  dai ly  for  infections  until  2  days  after  symptoms  disappear, 

HORSE  -DISEASES 
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Disease; 
Cause: 


Disease: 


Cause ; 
Sympt 


om: 


Colic 

Improper  feeds, 

Restlessness  and  kicking  at  the  stcxriach. 
Equi-Dine  ! 
Controlled  feeding  methods. 

I 

Sleeping  Sickness  I 

Filterable  virus  affecting  the  brain  and  spinal  cord. 

Animals  are  first  fexcited  and  then  depressed.  Facial 
paralysis  and  spasms  of  the  lips  precede  nuscular 
tremors,  ccmat  andi  finally  death* 
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Treatment :       250  c*Ci  of  Ahti-ETk:ephali3*nyelitis  Sertfii. 

Prevent  ion:     Two  ihteradermic  injections  of  liricephaldntyelitis^ 
Vaccine. 


Disease: 


Cause: 


Fistula  and  Poll  Evil 

Bruising  of  tissues ;    back  of  the  head  for  Poll  Evil 
and  on  the  withers  for  Fistula,    Bacterial  factors 
may  create  complications* 


torn: 


Treatment : 


Swelling  on  poll  or  withers  which  enlarges  as  it  fills 
with  flbcculeht  pus. 

Cut  the  abscess  at  the  lowest  part  to  establish  drain- 
age^    Irrigate  daily  with  an  odorless  disinfectant 
(1  ozi  to  1  gallon  of  water) .    Feed  a  mineral  ration 
mixed  with  a  tonic  powder  containing .arsenic. 
(1  teaspoonful  of  tonic  to  a  quart  of  oats  or  bran 
to  be  added  to  regular  ration) 


Prevention:      Careful  handling. 


Disease:  Influenza 

Cause :  Infectious  and  contagious  filterable  virus  brought  on 

by  fatigue  and  exposures 

Symptom:  Chills,  coughing  and  mucous  discharge  from  the  hose. 

Complications  may  occur  in  the  form  of  diarrhea, 
pneumonia  and  sore  joints. 

Treatment :       None  specific.    Hive  injections  of  Camphoil  and  Sterile 
Glucose  Solution. 

Prevention:      Sanitation  and  quarantine.    Provide  warmf  dry  quarters. 


 :  Navel  111 

Cause :  Variety  of  organisms. 

Symptom:  Colts  appear  weakj  breathe  hard,  have  swollen  joints 

and  die  within  a  few  daysi 

Treatment :       160  to  150  c.c.  of  Normal  Serum  (Equine  Origin)  given 
daily  as  needed. 

Prevention:      Sanitation  and  painting  of  colt's  navel  with  iodine. 
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Disease: 


Cause: 


Symptom: 


Prevention: 


Disease: 


Cause: 


Symptom: 


Treatment : 


Pre* 


Distemper 

Pyogenic  Streptococcus  which  invades  tissues  around 
the  head  and  throat* 


Fever,  discharge  from  the  hose  and  swelling  under  the 
jaw  with  abscesses  appearing  in  1  to  2  weeks, 

Fresh.water!  rest ,  puncture  abscesses  when  soft,  and 
give  Triple-Sulfa  Boluses  or  solution. 

Segregate  new  or  sick  animals . 

Tetanus 

Clostridium  tetani  which  enters  tissue  through  wounds. 

Stiffness j  anxicusness  and  extreme  nervcxisness.  Stiff- 
ness of  the  jaw  muscles  to  the  point  that  eating  is 
impossible, 

40,000  to  100,000  units  of  Tetanus  Antitoxin  for  the 
first  day.    J, 500  unit  doses  2  to  3  times  daily  after 
the  Initial  dose  until  the  animal  responds.  Paint 
wound  with  iodine . 

if  an  animal  is  wounded  give  1,500  units  of  Tetanus 
Antitoxin* 


EXTERNAL  PARASITES  OF  HORSES  ANfi-MJbES 


Parasites:       Flies,  lice  and  ticks* 

Control:  Sponge  on  barn  or  livestock  sprays,  being  careful  that 

  you  do  not  wet  skin.    DDT  emulsion  is  good  for  flies 

and  lice*    Use  Chlordane  emulsion  to  control  ticks* 


MUfcES 


Bbt  larvae |  ascarids  and  strongyles  are  most  common. 

Control:  For  ascarids  (round  worms)  use  one  6  gram  Equine  Worm 

 ' —  Capsule*    Phenothiazine  is  effective  in  removing 

strongyles.    Bot  larvae  are  difficult  to  control. 


MUSCULAR  UOSAHE  FOR  HORSES  AND  MULES 


General  Rule:  Horses  and  foals  up  to  500  poinds  use  5  c.c.;_  SO0  to 

  1000  poinds  use  5  to  10  c.c;    1000  to  2000  pounds 

use  10  to  20  c,c.    Inject  in  the  rump  and  use  16  gauge 
needle  1-1/2  to  2  inches  long.  Hive  daily  for  infections 
until  2  days  after  svmptoms  disappear. 
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D06  DISEASES  \ 


Disease:  Distemper 

Cause:  Filterable  vims  for  first  stage  and  bacterid  for 

second  stage. 

Symptom:  Fever^  joss  of  appetite,  diarrhea,  vomiting,  coughing 

and  yelping* 

Treatment :       Difficult 9  attempt  care  and  nursing. 
Prevention:     Canine  Distemper  Vaccine  for  healthy  animals. 

Disease:  Ear  Canker 

Cause:  Species  of  mite. 

Symptom :  Pawing  and  rubbing  of  ears  and  shaking  of  head. 

Treatment.:       Remove  scales  and  wax  with  cotton  swab,  then  pour  a 
small  quantity  of  ear  canker  emulsion  into  the  canal. 
After  rubbing  the  ear  wipe  off  excess.    Repeat  in 
30  days. 

Prevention :     None . 


Disease:  Rabies 

Cause:  Virus  disease  transmitted  by  the  bite  of  a  rabid  animal. 

Symptom:         Animals  are  irritable,  attack  objects  in  their  path, 
paralysis  develops  in  hind  quarters  and  death  follows. 

treatment :  None. 

Annual  vaccination  of  all  dogs  with  rabies  vaccine. 


Disease: 
Cause: 
Symptom: 
treatment : 
Prevention: 

Disease:; 
Cause: 


Running  Fits 

Unknown  condition  affecting  the  nervous  system  of  dogs. 
Animal  barks,  runs  wildly  and  champs  at  the  jaw. 
Good  diet  and  dark  quiet  quarters. 
Unknown* 

Eye  Irritations 

Foreign  matter,  injuries,  colds  and  fever. 


Symptom:         Check  the  eyes  for  unusual  conditions 

Treatment;  Remove  the  cause_  and  apply  an  eye  wash  containing 
-  Sulfate  and  Butyn  Sulfate s 


EXTERNAL -PARASITES 


Parasites:       Fleas,  lice,  and  ticks. 

Control:         Flea  bomb  or  powder.    Washing  and  removal  by  hand  will 
help  if  nothing  else. 

Parasite:        Mite  (Mange) 

Control:  Mange  remedy  or  1/4%  Qtiordahe  emulsion.  Disinfection 

of  quarters  and  a  good  diet  are  helpful. 


SmRITIGNAL  DISORDERS 
Problem:  Poor  condition 

Control:  Provide  minerals,  vitamins  and  high  quality  proteins, 

INTERNAL  PARASITES 


Parasites:       Roundworms ,  hookworms,  and  tapeworms 

Control:  Tetrach lore thy lene  for  roundwomsjmd  hookworms*  Use 

Arecdline  Hydrobromide  for  tapeworms . 

Prevention:     Sanitation  and  disinfection* 
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POULIRi  _fiiSEASES 


Management  and  1  tygierie ;    Establish  sanitation*  procedures.  Adequate 
housing  should  be  provided  With  provision  for  keeping 
chicks  warm.    Housing  should  be  dry  with  adequate  space 
and  ventilation.    Feed  and  water  should  be  clean.  Inhere 
disease  is  a  problem  disinfectant  should  be  added  to 
the  drinking  water.    A  good  general  disinfectant  is 
204  Quaternary  Amnonium  compound.  - 

Nutritional  Diseases:  , 


Roup  (Avitamindsis  A) 


Cause:  Deficiency  of  Vitamin  A. 

Symptom:  Cessation  of  grwth^  weakness,  rough  feathers  and  a 

staggery  gait*    Adult  birds  accumulate  a  cheesy 
material  in  the  eyes.    Dead  birds  show  white  pustules 
in  the  lining  of  the  gullet. 

Treatment  and  Prevention:    Vitamin  A  foods  such  as  fish  liver  oils 
and  green  feed. 


Rickets 


Cause:  Vitamin  D  deficiency^ 

Symptom:  Soft  bcrnes,  deformities,  beak  is  soft  and  birds  lay 

soft  sheiied  eggs!. 

Treatment  and  Prevention:    Sunshine  and  a  balanced  diet. 


Disease:  Slipped  Tendon 

Cause:  Lack  of  Manganese  or  a  deficiency  of  Choline. 

Symptom:  Flattening  of  hock  joints  causing  the  to  slip 

to  one  side  and  turn  the  foot  in  or  out. 

Treatment :  None. 

Prevent ibh:     Mineral  supplement  or  tablets. 

Bacterial  Diseases: 

Disease  r  Biugcomh 

Cause:  fiastro-intestinat  disease. 

Symptom :  Affects  turkeys^  causing  darkening  of  skin  on  the  head 

and  neck*    A  greenish  or  yellowish  diarrhea  is  usually  seer 

Treatment :       I  gram  per, gallon  of  water  of  Streptomycin  Sulfate  Powder. 
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Disease: 


Cause-  toxin  from  Clostridium  Bptulinus.  Usually  develops  _ 
 '  from-  decomposing  material  upon  which  maggots  are  found* 

Symptom:  Toxin  produces  paralysis. 

aci  Prevention:  Sanitation  and  a  clean  ranges   Give  one 

 pound  ot  Lpsom  salts  dissolved  in  water  for  each  100 

adult  birds. 


Disease:  Erysipelas  (Turkeys) 

Cause:  Bacterial  disease.^  * 

Symptom:    <      Swollen  snoods  and  hemorrhaging  in  the  muscles. 

Treatment:       Teed  tetracycline  antibiotic  for  7  days.  Inject 

  40,000  to  60^000  Units  of  procaine  penicillin  in 

aqueous  suspension. 

Vaccination  after  8  weeks  of  age. 


Disease:  Fowl  43iolera 

Cause:  Pasteureita  avisepticusi 

Svmptom:  Dying  birds  which  may  or  may  not  show  swollen  wattles 
  or  diarrhea:  before  death.    Dead  birdsshow  hemorrhag- 
ing on  the  band  of  fat  around  the  heart. 

Treatment:  1-1/2  ounces  of  Sulfaquin-oxaline  solution  for  each 

'   gallon  of  drinking  water  for  3  days. 

Prevention:  Bum  dead  birds  and  isolate  sick  birds.  Vaccinate 

  susceptible  birds  with  Avisepticus-fiallinarum  Bactenn, 


9 

ERLC 


338 

322 


Disease: 
Cause : 


am: 


Bacteria  or  Virus  (air-borne) 

Sneezing,  coughing  and  hacking.  Peed  consumption  drops 
and  egg  production  falls  off. 

dissolve  Streptomycin  Sulfate  powder  in  drinking  wat«r. 
None  M 


Disease : 


Cause : 


torn: 


Fowl  Typhoid 

Acute  septicemic  disease. 

Yellowish  or  greenish  diarrhea,  thirst  and  general 
emaciation. 


and  Pre 


i;  Disinfect ion,  isolation  of  sick  birds  and 


vaccination  with  Avisepticus-nailinarari  Bacterin. 


Cause : 


Infectious  Coryrk  (Chickens) 
Cold  bacterium. 

Nasal  discharge  to  coughing  and  sneezing.  Egg  production 
is  reduced. 

Streptomycin  Sulfate  powder  in  drinking  water  and  a 
source  of  vitamin  Ai 


Prevention :     Green  feeds  arid  good  ventilation  of  poultry  houses. 


Disease:  Paratyphoid 

Cause:  Salmonella  organisms. 

Symptom:  Not  positive^    resembles  other  diseases.    Dead  birds 

have  enlarged  livers. 

i:  Vaccination  of  healthy  birds  with  Oaiiiriarun- 
Typhimuriun  Bacterim 


Disease:  Pullorum 

Cause:  Bacterial  infection  of  the  ovaries. 

Symptom:         New  chicks  appear  sleepy  jind I  weak.    Whitish  diarrhea 
and  gasping  for  breath  precedes  death. 


None. 


Blood  testing,  disinfection,  fumigation  and  burning  of 
dead  chicks. 
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Disease : 


Cause : 


torn: 


Tuberculosis 
Contagious  disease. 

Emaciation,  anemia,  lameness  and  paralysis* 


Treatment  and  Prevention:  None. 
Disease:  Aspergillosis 

Cause:  Infectious  disease  of  the  respiratory  system. 

Symptan!  Rapid  breathing  arid  eventual  emaciation.    Dead  birds 

show  small  nodules  in  lungs. 

Treatment :       None • 

Prevention:      Avoid  moldy  feed  and  wet  or  dahp  surroundings. 

Disease:  Mycosis  of  the  £rop 

Cause:  Fungus  infection  of  the  crop. 

Symptom:  Birds  are  listless,  droopy  and  fail  to  gain  weights 

Treatment:       At  intermittent  periods  of  3  to  4  days  add  one  level 
"  teaspoonful  of  copper  sulfate  to  each  2  gallons  of 

drinking  water. 

Prevention:      Avoid  wet  feed  or  litter. 


Cause: 


Sympi 


om: 


Treatment : 


Prevention: 


Cowl  Pox 

Filterable  virus  often  transmitted  by  mosquitoes. 
Wart -like  growths  on  the  comb  and  wattless 
Paint  cankers  with  iodines 
Vaccinate  with  Fowl-Pox  vaccine. 


Disease;  Infectious  Bronchitis 

Cause;  Filterable  Virus 

Symptom;  Gasping  Followed  by  depression  and  weakness. 

Bronchitis  vaccine  mixed  in  drinking  water* 
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Disease;         Laryngotrache itis  (Chickens) 


Cause: 

Symptom : 


Treatment : 


Prevention: 


Filterable  virus. 

Wheezing j  gurgling  and  rattling  in  the  throat.  Death 
is  from  suffocation;    birds  show  a  dense  cheesy  material 
in  the  windpipe. 


None* 

Sanitation  and  quarantine*  Laryngotracheitis  vaccine  may 
be  used |  but  the  virulent  virus  is  a  possible  hazard  to 
the  User. 


Disease ; 


Cause: 


Treatment : 
Prevention: 

Disease: 
Cause: 
Symptom : 
Treatment : 
Prevention: 


Leucosis  (Chickens) 
Filterable  virus. 

Paralysis,  grey  eyes,  and  large  livers  with  lymphoid 
tumors i    (Birds  usually  have  only  one  of  the  above 
symptanSi) 

Nonei 

Feed  adequate  rations ,  control  internal  and  external 
parasites, 

Newcast le 

Filterable  virus. 

Hasping  followd  by  various  nervous  disorders  i 
None. 

Newcastle  disease  vaccine  (For  intranasal,  intraocular , 
or  drinking  water  use) 


Disease: 

Cause: 

Symptom: 

Control : 
Prevention : 


(Turkevs) 


Protozoan i 

Pcxilts  are  weak^  sleepy ^  and  droopy^    Inflamed  liver  and 
ceca* 

Use  Blackhead  formula  soluble  in  water  for  1  to  2  weeks * 
Continuous  use  of  Ualckhead  Formula.    Control  cecal  worms. 


Cause: 


Eimeria  teneila  protozoan  parasite* 
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Bloody  droppings p  dull  and  droopy  birds  which  may  soon 
die  From  hemorrhaging. 


Symptom: 

Control  and  Prevention:    Sulfaquinoxaiine  solution  in  drinking  water. 


Disease: 


Trie* 


(Turkeys) 


Cause: 


Symptom: 


Protozoan. 

Ruff led  feathers  and  fail-smelling  saliva. 

One  teaspoonful  of  copper  sulfate  in  2  gallons  of 

  drinking  water  for  four  days;    skip  three  days  and 

repeat  if  heeded. 

Prevention:     Avoid  poorly  drained  or  infected  areas. 

Cannibalism:    Ilabit  acquired  by  coifihed  birds. 

Control:  Salt  in  drinking  water,  tftiple  space  and  green  feed. 


Control: 


Roundworm,  tapeworm  and  cecal  worm  are  most  significant. 
Nicotine,  Phenothiaiihe,  and  Piperaiine  hydrochloride. 


Extern* 


ERLC 


Parasites:       bice,  mites  *  and  blue  bugs. 

Control :  Lindane ,  Malathion  or  powders  containing  Rotenone,  Sulfur, 

and  petroleum  oil. 


EXTERNAL  SYMPTOMS  OF  BIRDS 

Mucus 

Eyes  and  Nostrils        Cheesy  Material 


Breathing 


Comb 


Hasping 
Dark  Red 

Pale 
Scabs 
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PROBABLE  CAUSE 

Infectious  Cory ta  (Colds) 
Avitaminosis  A 
Factorial  Roup 
Leucosis 


Laryn&ot  r ache i  t  i  s 
Heat  Prostration 
Pneumonia 

Fowl  Cholera 
Blackhead 

Intestinal  Parasites 

T^erculosis 
Fwi  Typhoid 
Fowl  Leucosis 

Fowl  Pox 


EXTERNA!,  5YM 


PROBABLE  CAUSE 


Feathers 
Wings 

Loss  of  Flesh 

tegs 
Neck 

Diarrhea 


Ruffled 
Drooped 


Paralysis  or  Weakness 
Limber 

Yellowish-Brown 

Green 

Bloody 

Whitish 


intestinal  Parasites 
bice 

Coccidiosis 

Severe  Parasitism 
Pullorum  Disease 
Coccidiosis 
Blackhead 

tuberculosis 
Intestinal  Parasites 
Fowl  Leucosis 


Avitamiriosis  A  or  D 
Coccidiosis 
low  1  Leucosis 
Botulism 

Cholera  (Late  Stages) 
Botulism 

Cholera 

^-Bl^ickhead 

Fowl  typhoid 
•  Fowl  Leucosis 

Coccidiosis 

Pullorum  Disease 
Intestinal  Parasites 
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AOUlCULTUBE- 


CCNSTR11CTI0N  J5F  PONDS 

Farm  fish  ponds,  under  proper  management,  can  contribute  materially 
to  a  nation's  food  supply  s    This  is  particularly  true  in  southern  coun- 
tries where  most  pohdfishes  attain  within  one  year  sufficient  size^for 
table  use.    Farmers  who  own  a  pond  site  will  find  that  with  a  - 
labor  and  non-critical  materials  they  can  build  a  small  fish  pond  which 
will  produce  enough  fish  to  supplement  their  meat  supply  and  furnish 
minerals  and  vitamins  required  in  the  diet  to  maintain  health.    A  ferns 
fish  pond  one  acre  in  size,  properly  fertilized  and  managed,  can  supply 
up  to  200  or  more  pounds  of  fish  a  year.    Production  will  be  reduced  in 
northern  regions  in  proportion  to  the  shortening  of  the  growing  season 
and  lower  water  temperatures i 

BUD  OR  WATER  AREA 

The  selection  of  the  pond  site  is  important.    Primary  considerations 
are:    an  adequate  but  not  excessive  water  supply,  a  pond  bottom  which 
will  hold  water,  a  location  where  the  dam  can  be  constructed  economically, 
and  satisfactory  and  sufficient  materials  nearby  with  which  to  build _the 
embankment.    Secondary  considerations  are:    reasonably  fertile  soil  for 
the  pond  bottom,  erosion  control  on  the  watershed  area,  gently  sloping 
ground  particularly  for  the  pool  area,  and  freedom  from  heavy  overflow 
or  flash  floods.    Low  areas  too  wet  to  farm  often  make  ideal  pond  sites 
for  wildlife  and  fish. 

The  source  of  water  for  the  pond  should  receive  first  consideration. 
In  order  to  reduce  the  cost  of  construction  and  of  fertilization  after 
the  pond  is  full,  it  is  best  to  consider  only  small  streams  or  springs 
or  direct  runoff  from  pastures  and  woodlands.    It  is  not  necessary  to  have 
a  constant  overflow  from  the  pond  but  there  must  be  sufficient  water  to 
fill  the  pond  and  to  maintain  it  at  a  rather  stable  level.    If  it  is — 
impossible  to  find  a  site  where  water  is  flowing  during  the  summer  months, 
then  the  pend  should  have  sufficient  depth  to  provide  adequate  space  for 
the  fish  when  evaporation  lowers  the  amount  of  water-surface.    A  ratio 
of  approximately  10  to  15  acres  of  watershed  to  one  surface  acre  of  pool 
water  should  be  established  for  pasture  land  when  the  water  source  is 
only  direct  rainfall  runoff,  with  a  slightly  larger  ratio  for  woodland 
and  a  smaller  one  for  lands  under  cultivation.    These  ratios    will,  ot 
course,  vary  with  the  rainfall  and  the  slope  of  the  land,  so  they  should 
be  determined  for  each  pond. 

After  the  general  location  has  been  chosen  with  respect  to  the  water 
supply,  the  next  step  is  to  select  the  actual  site  for  the  pond  and  dam. 
Areas  where  gravel  beds  exist  or  where  limestone  outcrops  are  present 
should  be  avoided  as  the  ground  may  not  hold  water.    Water  draining  into 
the  pond  from  adjacent  lands  should  be  free  of  silt.    If  it  is  not 
possible  to  locate  the  pond  where  there  is  a  wide  fringe  of  grass  or 
woodlands  bordering  the  edges,  it  would  be  desirable  to  create  such  a 
strip  so  that  the  silt  will  be  deposited  before  it  reaches  the  pond* 

The  cost  of  construction  will  increase  as  the  height  of  the  embank- 
ment  or  depth  of  the  water  increases.    An  embankment  10  feet  high  will 
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require  apprc«imately  three  and  one-half times  as  much  dirt  as  one  S  feet 
high*    fJence^  it  is  well  to  limit  the  depth  of  water  to  sane  reasonable 
figure  unless  abundant  funds  are  available  for  construction.  Expense 
must  be  corisicfcred  also  when  large  streams  are  blocked ^  as  additional 
spillway  capacity  and  freeboard  oh  the  embankment  will  be  required  as 
insurance  against  failure  of  the  dam  during. floods.    The  mini/nun  depth 
at  the  drain  structure  should  be  from  6  to  8  feet.    If  a  heavy  demand  is 
made  on  the  pond  for  stock  watering,  then,  it  may  be  necessary  to  have 
deeper  water t  to  carry  both  the  fish  and  stock  over  protracted  dry  periods* 

The  pond  area  itself  should  be  cleared  of  all  trees ,  brush ,  shrubs, 
and  debris beaf  moid  and  other  organic  mutch  act  as  a  fertilizer  and 
should  be  retained.    It  is  not  considered  necessary  to  remove  stunps 
but  the  yearly  maintenance  will  often  be  decreased  if  they  are  removed 
from  those. portions  of  the  pool  where  the  water  will  be  less  than  3  feet 
deep  at  full  pool.    In  locations  where  sprouts  from  stunps  thrive^  it  is 
particularly  desirable  to  remove  the  stunps  from  the  shallow  portions  as 
they  would  socn  choke  up  that  part  of  the  pond  arid  both  the  fishing  and 
appearance  would  be  harmed. 

Water  less  than  18  inches  in  depth  has  little  value  in  the  fish 
pond.    By  eliminating  shallows  it  is  possible  to  reduce  the  mosquito 
problem,  increase  the  forage  area  for  the  fish,  and  it  is  easier  to 
control  aquatic  vegetation.    These  portions  should  be  excavated  and 
the  soil  deposi ted  uniformly  along  the  shore  line,  care  being  taken  to 
spread  it  so  that  the  normal  surface  drainage  _into  the  pond  is  not 
blocked^    It  may  be  desirably,  also,  to  use  seme  of  the  top-soil  thus 
obtained  in  surfacing  the  slopes  of  the  embankments 


I/i  order  to  manage  the  pond  properly  it  is  necessary  to  provide 
some  iaeans  for  completely  draining  the  pool.    This  can  be  t) one  by  building 
a  drain  structure,  with  additional  attachments  for  controlling  the  eleva- 
tion of  the  surface  of  the  pond  at  the  lowest  point  in  the  base  of  the 
embankment.    Such  a  structure  is  useful  indraining  the  pond  when  repairs 
are  necessary 1  and  for  providing  facilities  for  piping  water  to  stock- 
watering  tanks When  the  source  of  water  for  the  pond  is  constantj  with 
rib danger  of  flash  floods,  this  structure  can  be  made  to  serve^as  the 
overflow.    The  discharge  opening  should  be  large  enough  to  permit  the 
normal  water  flew  to  pass  over  it  at  a  depth  of  less  than  2  inches* 
Otherwise  the  pond  will  become  depopulated  by  loss  of  fish  through  the 
discharge  pipe.    If  excessive  runoff  occurs ^  it  would  be  advisable  .to" 
provide  auxiliary  spillways  cut  about  1  foot  above  the  desired  pond  level 
around  the  end  of  the  dam  sluing  no  more  than  3  inches  per  100  feet,  in 
earth,  or  as  steep  as  desired,  in^ock.    Sand  is  too  erodible.    The  size 
of  the  outlet  pipe  should  be  determined  by  someone  familiar  with  the 
requirements,  but  it  should  not  be  less  than  6  inches. 


The  dam  or  earth  embankment  is  used  to  stop  the  flow  of  surface 
water  and  for  the  creation  of  the  p<5nd.    Careful  selection  of  the  site 
for  the  pond  should  include  consideration  of  the  location  of  the  danu 
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It  is  preferable  to  build  it  in  a  narrow  part  of  the  valley  so  that  its 
lenpth  and  height  will  be  kept  at  a  minimum  without,  affecting  the  surface 
area  or  depth  of  the  pond  water.    Primary  consideration  should,  of  course, 
be  given  to  the  pond  site  but  sane  balance  should  be  found  between .  the 
pond  acreage  and  the  amount  of  embankment  needed  to  create  the  pool;  The 
larger  the  fill,  the  more  expensive  will  be  the  pond. 

The  base  of  the  fill  should  be  on  good  soil,  with  care  taken  to  avoid 
gravel  beds  or  peaty  formations.    The  foundation  for  the  fill  should  be 
relatively  impervious  to  Water  just,  as  should  the  pond,  bottom. 

The  shape  of  the  embankment  will  vary  with  the  type  of  soil  to  be 
used  but  generally  the  slope  will  be  about  three  fest  in  wioth  for  every 
foot  in  height.    Sandy  or  similarly  pervious  soil  should  have  a  flatter 
slooe,  perhaps  five  feet  in  width  to  one  in  height.    The  top  width  should 
not  be  less  than  six  feet  and  it  can  be  wider  to  suit  the  needs  of  the 
owner.    Often  such  fills  are  oscd  as  roadways,  in  which  case  the  top  should 
be  at  least  eight  feet  wide.    The  top  of  the  dam  should  be  not  less  than 
3  feet  above  the  desired  elevation  for  the  pool  water  (free  board? .  In 
places  where  there  is  excessive  flash  runoff  or  high  winds  which  cause 
large  waves,  additional  freeboard  nay  be  advisable. 

There  should  be  a  good  bond  between  the  embankment  and  the  natural 
ground  so  that  no  seepage  places  exist.    To  insure  this,  it  is  necessary 
to  remove  all  stumps,  roots  over  two  inches  in  diameter,  vegetable  matter, 
t?ash!  logs    peat/etc,  from  the  base  before  any  fill  material  is  moved 
into  place.    If  the  foundation  material  is  found  to  be  pervious  after  the 
removal  o5  these  materials,  it  is  advisable  to  excavate  a  trench  along 
the  center  line  of  the  dam  down  to  impervious  soil  or  rock  and  to  back- 
fill with  clav.    Should  rock  outcrops  exist,  it  may  be  necessary  to  pour 
a  concrete  cutoff  wail  into  the  rock  and  extending  a  few  feet  into  the 
fUl.    After  the  entire  base  is  cleaned,  it  should  be  plowed  or  otherwise 
scarified  before  placing  the  earth  fill  so  there  will  re  no  unbroken 
division  between  the  ground  and  fill. 

The  method  of  placing  the  fill  material  will  vary  with  the  type  of 
equipment  used*    If  a  dragline  or  similar  machine  is  used,  the  fill  can 
be  built  without  compaction,  but  adequate  allowance  should  be  made  for 
sett lin°.    An  average  allowance  would  be  one  additional  foot  in  height 
for  every  5  feet  of  final  dam  height;    i.e.,  if  the  final  dam  is  to  be 
10  feet  high,  it  should  be  built  to  12  feet.    All  dirt  should  be  placed 
as  nearly  as  possible  in  its  final  position  so  rehandling  will  not  be 
necessary.    The  slopes,  too,  should  be  built  on  the  designed  ratio, 
which!  if  3:1,  would  mean  a'rise  of  1  foot  for  each  3  feet  of  horizontal 
measurement.    As  an  example,  if  the  dam  is  to  have  a  final  height  of 
10  feet,  it  would  be  necessary  to  start  the  s lope • out _ 30 _ feet  in  order 
to  reach  the  designed  height  at  the  right  place. ^ If  it  is  planned  to 
have  a  6  foot,  top  width ,  the  outside  point  for  the  dirt  would  fall  33 
feet  from  the  center  line  of  the  dam. 


346 

330 

o 

ERIC 


CARP 


 There  ire  two  aims  in  the  establishment  of  a  carp  farm,    (1)  to 

breed  fish  reacty  for  market  by  their  third  summer  And  (2)  to  produce 
breeding  trios  of  this  quick-growing  strain  for  own  use  or  for  sale 
to  other  fish  culturistsi    For  carp  one  always  uses  trios  for  parent 
fish—one  female  and  two  males.    The  female  should  be  at  least  four, 
years  old,  because  the  ova  or  hard  roe  ripens  at  four  years.    The  milt 
or  soft  roe  of  the  male  ripens  in  the  third  year.    There  should  be 
anything  from  two  hundred  thousand  to  seven  hundred  thousand  eggs  from 
a  female,  depending  on  conditions  of  temperature,  weather,  water,  food. 
At  established  carp  farms  they  figure  on  an  average  of  at  least  half  a 
million  eggs  per  s pawner* 

There  are  several  varieties  of  the  common  carp.    Cyprinus  Carplo 
is  the  name  of  this  species.    It  will  breed  anywhere,  regardless  of 
clj-mate  and  latitude.    The  variety,  most  favoured  by  carp  farmers  and 
the  trade,  is  the  fish  called  the  King  Carp>  which  has  been  bred  for 
I  great  many  years  from  selected  parents •    Environment  and  different 
feeding  has  nude  it  deep-bodied  or  fat -bellied  or  with  longer  body  than 
the  ordinary  carp* 

Other  varieties  which  the  carp  farmer  should  find  W'^ith  cultiva- 
ting are  the  Mirror  Carp  and  the  Leather  Carp.    The  Mirror  barp  is  a 
very  handsome  and  showy  fish;  ;.iost  suitable  for  a  fair-sized  garden 
pond.    It  is  also  good  fish  for  the  food  markets.    The  aim  of  the  carp 
fairer  lies,  mainly,  toward  the  food  market.    To  this  end  the  better 
fish  are  those  with  a  length  only  twice  their  breadth.    Both  Mirror  and 
Leather  Cirp  are  European  varieties. 

The  carp  fajnily,  so  far  as  pond  culture  is  concerned,  in  addition 
to  those  Mentioned,  are  the  Crucian;  the  Grass;  the  Black;  the  Silver; 
the  bighead;  *Ad  the  Mud.    The  last  five  are  Chinese.    The  Crucian 
should  be  avoided.    It  is  a  nuisance,  boo  bony  for  food  markets  and  a 
terrific  breeder.    The  Bighead  and  the  Mud  carp  would  also  be  useless 
here._  While  it  would  be  difficult  to  import  breeding  tries  of  the  Grass 
carp  from  the  Far  East,  it  may  be  possible  to  secure  eyed-cva. 


THE  SPAWNING  PERIOD 


The  parent  fish  are  in  cool  ponds  while  the  spawning  pond  is  getting 
warm.    When  the  temperature  of  the  latter  has  reached,  either  naturally  or 
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by  artificial  means,  from  sixty  degree  a  to  seventy-five  degreesr- 
the  higher  the  better— the  parent  fish  are  removed  from  the. cool 
pond  to  the  warm  one*    This  should  be  during  the  last  w**k  in  Bay 
or  the  first  week  in  June.    Spawning  will  take  place  almost  im- 
mediately.   Fecundation  takes  place  outside  the  fish's  body*  Sex-^ 
ual  organs  of  the  female  are  represented  by  two  rolls  of  ova»  which 
join  each  other  between  the  Vent  and  the  spine,  and  when  ripe,  occupy 
the  largest  part  of  the  fish's  abdominal  cavity.    As  the  male  fish 
chase  the  female  she  dashes  towards  the  bunches  of  twigs  and J.eaves 
in  the  pond— or  other  flora  which  may  be  growing  there—and  swimming 
slowly  over  these  she  releases  a  stream  of  ova,  a  few  seconds  later 
another  stream*    in  fact,  there  are  a  score  or  more  ejections  with- 
in an  hours    fhiS  may  continue  for  the  whole  morning  and  sometimes 
go  on  into  the*  afternoon.    The  male  fish  follow  the  spawning  and, 
hovering  over  the  spot,  impregnate  the  eggs  with  their  milt^  This 
has  a  milky  appearance  and  curdles  like  milk,  but  is  composed  of 
microscopic  spermatozoa.    SO  quick  is  the  follow  up  of  the  males 
that  the  eggs  are  impregnated  as  they  reach  the  water.    As  may  tar 
expected  very  many  eggs  fall  in  the  water  impregnated  and  »™.l°?t 
in  the  mud  or  eaten  by  the  parents  or  sons  pond  intruder.    With  the 
impregnation  of  the  egg  the  development  of  the  embryo  begins. 

lb  1b  generally  agreed  that  10  per  cent  of  a  usual  spawn  can  be 
expected  to  hatch  into  fry.    A  spawn  of  half  a  million  eggs  should, 
therefore,  result  in  fifty  thousand  fry.    The  eg*s  include  in  their 
content  a  yolk  which  serves  a  double  purpose.    One  part  assists  intne 
development  of  the  embryo  and  the  other  remains  in  the  yolk  sac  which 
attaches  itself  to  the  belly  of  the  embryo  and  supplies  it  with  food 
for  the  first  few  days.    It  is  interesting  to  observe  how  quickly  the 
body  grows.    You  first  recognise  the  head  and  the  spine.    The  eyes 

are  particularly  prominent.    Then  the  hearc  and  the  blood  vessels  

bee in  to  act.    In  six  to  ten  days,  earlier  if  the  water  is  very  warm, 
the  shell  is  broken  and  the  fry  emerges.    It  is  transparent,  extremely 
delicate,  and  has  to  remain  quietly  existing  on  the  remains  of  toe  yolk 
in  the  sac  for  another  day  or  two.    By  the  time  this  is  exhausted  the 
fry  has  grown  much  larger  and  much  stronger*    It  has,  moreover,  go^ 
the  suction  and  digestive  organs  working  and  is  now  able  to  move  in 
the  water  and  feed  itself.    This  is  a  very  important  moment  in  the 
life  of  fry.    There  must  be  ample  food  in  the  pond  and  this  food  can 
only  be  microscopic  fauna. 
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REMOVAL  OF  BUffiNF  FBR 


Regarding  the  parent  f  iahj  they  must  be  removed  from  thi  spawn- 
ing pond  After  the  spawning,  otherwise  they  may  feast  upon  the  ova. 
After  letting  the  fenSle^  she  should  bo  examined  to  see  whether  there 
is  still  ova. in  the  abdomen.    If  ab;  this  should  be  gently  pressed 
but  as  in  artificial  propagation. 

The  young  fish  on  removal  into  the  fxy  pbhd  should  continue  to 
be  fed  on  the  microscopic  fauna  for  a  day  or  two.    Then  gradually, 
as  the  days  lengthen,  minute  organisms  should  be  introduced  into  the 
pond  and  by  July  thase  organisms  can  be  big  enough  to  be  seen  with 
the  naked  eyas, 

CARP  NOT  VEGETARIAN 


Many  mietatements  have  been  made  in  the  past  by  mistaken  scien- 
tists about  the  carp's  hatiits,  Tta  carp,  except  the  Grass,  is  carni- 
vorous.   But  he  does  hot  chew  or  masticate  meat,  nor  vegetable  matter, 
because  he  cannot.    The  carp's  mouth  is  loose.    He  sucks  in  food.  His 
shout  has  a  pump-lite  suction  arrangement *    His  masticating  organs 
are  insufficient  for  chewing  anything  before  swallowing  it •    The  cjkrp 
is  a  bottom  feeder;  much  lite  the  tench.    Oh  the  upper  lip  are  two  to 
four  barbels  which  serve  as  feelers  searching  on  the  bottom.    But  ho 
is  hot  a  scavenger.    He  dislikes  arid  avoids  any  decayed  or  decaying 
matter. 

If  food  in  a  pond  is  plentiful  the  fry  will  grow  rapidly*  Oh 
finishing  the  yolk  sac  they  should  be  about  half  ah  inch  lor^jj  A 
week  or  a  fortnight  later;  oh  being  transferred  to  a  fry  pbhd;  they 
would-be  ah  inch  or  more*    In  a  month's  tine  the  size  should  be  two 
to  three  inches^    Thii  is  the  t  ime^to  start  s  ort ihg.    Keep  the  smaller 
ones  in  their  original  fry  pond  and^end  the  larger  ones  to  other^ 
fry^ponda*    Otattijthey  reaeh^the  three-inch  s ize  the  fry need  careful 
handling.    They  are  still  extremely  delicate,  and  netting  and  sorting 
into  sizes  disturb  them;  and  rough  handling  would  kill  thenu^  The 
expectation;  under formal  conditions,  is  a  loss  of  25  per  cent  of 
fiT  from  each  hatchi    But  with  care,  fair  weather  and  avoidance  of 
haste,  the  loss  may  be  reduced  to  a  minimum^    The  rate  of  growth  of 
the  fry  can  be  regulated  by  increasing  or  decreasing  their  number  in 
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a  definite  area  of  fertile  ponds.    A  fertile  pond  is  one  that  possesses 
large  and  continuous  growtS  of  plju*tbn--the  food  of  the  fry.  Cqnti- 
nental  records  show  that,  after  sorting,  the  larger  fry,  transferred 
to  a  separate  pond,  reached  ten  incher  iu  length  and  ens  and  a  quarter 
pounds  in  weight  during  the  following  six  months. 


THE  GRASS  CARP 


The  habits  of  the  brass  Carp  are  interesting  because  of  its  herbi- 
vorous nature.    Even  though  it  will  take  any  kind  of  food  that  comes 
its  way  at  random  it  prefers  green  grass  and  vegetables  to  any  food 
of  animal  origin.    All  kinds  of  freshly-cut  land  grasses,  weeds— if 
not  too  tough— leaves  of  some  trees  and  all  kinds  of  fresh  vegetables 
are  placed  in  a  twenty-foot  square  frame  in  the  pond.    The  frame  is  to 
prevent  the  grass,  etc..  from  floating  all  over  the  pond.    The  Grass 
Carp,  after  the  experi        of  *  day  or  two,  will  come  to  this  frame 
punctually  for  the  food.    During  severe  weather  when  green  stuff  may 
be  difficult  to  procure  foods  like  rice-bran  and  bean-meal  are  given. 
When  well  fed  the  growth  of  this  f  iah  is  remarkable.    Fry,  at  the  end 
of  the  year  in  which  they  were  hatched,  commonly  attain  a  length  of 
six  to  ten  inches  and  a  weight  of  half  to  one. pound.    Some  reach  one 
foot  in  length  with  weight  of  one  and  a  half  pounds.    If  this  sixe 
fish  continues  to  grow  it  attains  a  length  of  two  feet  and  four  to 
five  pounds  weight  in  the  second  year.    It  is  not  unusual  for  a  Grass 
Carp  of  four  years  of  age  to  weigh  more  than  ten  pounds.    Weights  of 
twenty  and  vhirty  pounds  are  quite  common,  and  sometimes  there  is  a 
fifty-pound  Grass  Carp  in  the  market. 

The  Black  Carp  is  a' snail  feeder  and  must  be  plentifully  supplied 
with  snails.    It  is  a  small  feeder  on  other  foods,  but  with  a  generous 
diet  of  snails  it  grows  very  fast,  in  a  pond,  attaining  ten  pounds 
weight  in  three  years. 

The  Silver  Carp  is  a  plankton  feeder.  Due  to  the  fine  structure 
of  its  gill  rakers  it  can  feed  on  big  particles  as  well  as  small  ones 
suspended  in  the  water.    The  silver  carp  reaches  maturity  early  and 
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weighing  from  three  to  four  pounds  in  the  tnrtra  year  Dears  ripe  ova 
or  sperm. 

These  three  species  can  be  stripped  and  artificially  propagatedi 
They  are  ,  particularly  the  Grass  Carp,  widely  distributed  from  Siberia 

to  south  China  and  should  stand  up  to  climatic  ^Bnditions  at  almost  

any  latitude  and  altitude.   The  fry  of  these  species  thrive  on  plankton 
Duckweed^  _howeverf_ is  considered  the  best  food  for  fry  of  the  grass 
carp.    Unfortunately,  duckweed  grows  rapidly  in  a  well-fertilized  pond, 
so  much  so  that  the  fry  cannot  eat  it  quickly  enough  to  stay  its  pro- 
gress*   This  is  ah  undesirable  contingency^  and  as  the  we^d  bec^nes  

thick  it  must  be  cut  and  removed  to  give  the  nursery  pond^  better  light 
and  ventilation. 


CARP  ARE  LAZY,  NOT  SCAVENGERS 

The  carp  is  a  lazy,  luaSuy-lbvlng  fish.    A  placid  pond  with  the  

right  kind  of  shade-giving  plants  and,  above  all,  plenty  of  food^  makes 

for  full  enjoyment  of  its  life.    The  carp  has  no  work  to  do  except  

suck  in  food.    It  would  never  do  the  housework  in  the  pond.    The  accuse 
tibh  that  the_carp  is  a  scavenger  swy  be  due  to  the  cleanliness  of 
carp  ponds  *    This  work  is  undoubtedly done  by  the  snails,  who  are 
scavengers  i    Carp  are  fond  of  snails  but,  as  already  shown,  can  only 
eat  them  in  the  state  of  infancy  when  the  shells  of  the  snails  are  just 
forming  and  are  soft.    As_the  snail  gets  its  hard  shell  the  carp  has, 
perforce,  to  ignore  it.    The  consequence  is  that  the  pond  is  thus  amply 
supplied  with  'cleaners1* 

Again  ^  the  statement  that  carp  eats  vegetable  matter  is,  no  doubt, 
due  to  the  fact  that  the  fish  can  be  seen  nibbling  away  among  the 
pond  flora.    But  it  is  really  nibbling  at  the  host  of  tiny  crustaceans 
and  other  minute  organisms  who  make  their  hone  on  the  leaves  and  stems 
of  the  plants.    The  grass  carp,  however,  is  primarily  a  vegetarian. 

the  mfimurtog  of  ponds  with  animal  excreta,  poultry  droppings  and 
night  soil  may  sound  disgusting  to  the  uninitiated,  butthe  fish  do 
not  feed  on  thwe  dungs  except  sometimes  at  first  out  of  ignorance  and 
curios itg%    They  avoid  the  small  piles  made*  at  intervals  of  days,  here 
and  there  in  the  ponds i    The  piles  disappear  very  quickly,  due    a  water 
action,  and  in  their  place  appear  swarms  of  infusoria  and  plankton, 
especially  minute  crustaceans. 

A  carp  faisa  does  not  require  a  hatchery  house c    The  culture  of 
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carp  and  goldfish  is  very  similari  any  infortnationai  source ^  which 
gives  all  necessary  details  for  the  cult  of  the  goldfish    should  be 
followed  by  the  carp  farmer •    Instead  of  leaving  the  impregnated  ova 
in  the  spawning  ponds  they  can  be  hatched,  3±ke  goldfish  ova,  in 
special  aquaria  or  wooden  tanks.    In  tfce  case  of  aamaiiish  establish- 
ment with  only  a  few  ponds,  such  hatching  is  advisable.  JFron  toe 
aquaria  the  fry  will,  in  due  course,  be  removed  to  the  fry  pondi 


3ECKJST  OF  GR01JTH 


The  secret  of  growth  lies  in  the  operative  word  ^plenty  »^  The 
fish*  more  particularly  after  they  are  removed  from  the i  nursery  pond 

to  the  rearing  and  .^rowing  ponds,  must  have  plenty  of  water,  plenty  

of  food  and  plenty  of  water-plants.    The  smaller  ponds  are  the  better; 
they  must  have  plenty  of  earth  on  the  bottom  and  plenty  of  manure. 
There  lies  the  secret  of  fertility. 

Manures  should  be,  preferably,  of  animal  or  other  organic  sub- 
stances.   Vegetable  compost  also  might  be  useful.    All  manures,  before 
being  put  into  a  pond,  should  be  thoroughly  rotted.    To  get  then  into 
such  suitable  condition  the  manures  brought  to  the  pondside  should 
be  limed.    Each  forkful,  as  the  heaps  are  being  r-ade,,  should  be  dusted 
with  iimei  then  a  good  sprinkling  of  lime  on  the  top.    Finally,  cover 
the  heap  with  earth,  veil  patted  down.    V.Tiile  waiting  the  week  or 
two  for  the  proper  rotting  one  can  use  a  ruano  manure.    The  Peruvian 
guano  is  practically  impossible  to  procure,  but  a  guano  made  from 
poultry  manure  is  being  produced  in  poultry  raisings  areas  .   It  is 
rich  in  nitrojjert  and  comes  in  pulverized  form.    Before  putting  this 
in  a  pond  it  should  be  soaiced  for  twenty-four  hours  in  a  rbr.tainer. 
The  amounts  to  be  used  in  the  pond  are  twenty  pounds  (dry)  per  one 
hundred  gallons  of  waters    Gver-fertility  in  a  ;>ond  is  not  good  for 
the  fish  1  so  care  rust  be  taken  not  to  use  tod  muon  nanure  at  a  tilne. 


FIHK  VOW  JOTTOr  N^CBSSAP.Y 


A  pond  becomes  fertile  after  manuring  in  Shit  organisms  are, 
created  and  immediately  find  homes  in  the  mud  bottom  or  on  the  plant 
life.    It  is  here  that  the  carp  feeds— on  the  bottom  and  amon;;  the  plant 
life.    As  carp  feed  by  sucking  in  their  food  they  naturally  get 
some  earth  and  vegetable  matter  with  the  insects ^  worms  or  general 
crustaceans.    This  matter  is  not  much  benefit  to  the  fish* 
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but  it  is  not  harmful  until  the  pow*  bottom  becomes  too  slinky.  With 
loose  sliitss  the  carp  sucks  up  more  of  it  than  of  food,  arai  it  is  not 
only  indigestible  to  the  fish  but  harmful  to  the  small  fauna  living 
in  tha  bottom.    A  firm,  not  loose,  porsi  bottom  is  desirable  and  neces 
sary.    That  is  why  each  season  carp  ponds  are  emptied  and  allowed  to 
go  dry  for  a  period.    The  slime  can  then  be  scraped  out  and  a  firm 
bottom  re-established.    When  empty  the  bottom  of  the  pond  should  be 
ridged  throughout  for  a  time.    The  furrows  and  ridges  dry  quicker 
than  if  the  bottom  is  left  flat. 

For  some  hundreds  of  years  carp  farms  have  existed  on  the  Con- 
tinent.   German  scientists,  some  years  ago,  made  researches  into  the 
food  for  carp  in  Europe.    For  ten  years  they  examined  carp  stomachs 
from  many  localities  under  the  microscope.    They  found  that  the  best 
natural  food  pf  the  carp  is  the  small  water  fauna  which-  has  no  hard 
or  tough  shell.    With  the  gullet  tooth  of  the  carp  the  soft  shell  is 
broken  and  the  contents  swallowed  without  any  addition  of  inorganic 
or  vegetable  matter.    Worms  and  spiders  are  hot  in  favour  for  the 
carp1?  diet,  although  they  will  be  present  in  the  pond*    water  fleas 
and  mites  and  all  soft -shelled  crustaceans  are  the  carpfs  principal 
choice.    It  heeds  many  good  mouthfuls  of  these  minute  creatures,  but 
the  water  fleas  must  help  considerably,  for  a  famous  naturalist  has 
stated  that  the  issue  of  a  single  water  flea  in  two  months  is  three 
thousand  millions^    in  a  lifetime  of  a  single  female  it  is  estimated 
her  progeny  would  reach  the  enormous  jiumber  of  four  and  a  half 
billions  and  weigh  eight  tons.    These  daphnia  varieties  often  form 
a  mass  in  the  water  and  the  carp  sucks  in  the  lot  at  one  go.  Most 
gnats  and  caddis  fly  are  also  favourite  food  ^or  carps 

in  pond  '  which  do  hot  become  properly  fertilized  they  can  be_ 
colonized  by  removing  some  of  the  natural  food  from  an  over-fertile 
pond  and  introducing  it  into  the  und e r-f e rt il ized  ones# 
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HEME  INDUSTRIES 


HAND  FORGING 

Forging  tools  usually  Have  wooden  handles  and  are  field  in  the 
hand  while  being  struck  with  either  sledge  or  mechanical  hanmers. 
Fig.  1  shows  a  group  of  commonly  used  hand  forging  tools.  A 
illustrates  the  common  ball-peen  hammer,  which  is  best  suited  to 
practically  all  of  the  hand  forging  operations.    B  shows  the 
cross -peen  sledge,  and  C  shows  the  double-faced  sledge.  The 
sledges  are  the  heavier  hammers  used  by  the  hand  forger  s  helper, 
and  they  vary  in  weight  from  5  to  20  pounds.    P  shows  the  black- 
smith's anvil t  anjmplement  that  has  been  used  in  practically  the 
same  shape  and  form  for  many  centuries.    Occasionally,  anvils  of 
special  shapes  are  designed  and  may  be  used  for  hand  forging 
operations,  but  their  application  is  fundamentally  the  same  as 
that  of  the  common-type  anvil,  which  can  be  adapted  to  practically 
any  hand  forging  operation.    The  anvil  shown  at  D  consists  of  « 
body  a  usually  made  from  wrought  iron  to  which  a  hardened  steel 
top  or  face  is  WeldedV   The  portion  which  is  designated  h  at  74,e 
right  is  the  horn,  and  the  portion  at  the  left  designated  c  4? 
the  tail  of  the  anvil.    The  base  and  feet  upon  which  the  any \ 1 
rests  are  at  the  bottom.    There  are  two  holes  at  the  tail  person 
of  the  anvil.    One  is  sguare  and  called  the  hardie  hole;  th?  ocner 
is  round  and  is  called  the  spud  hole. 


Pig.  1.  Conanon  Hand  Forging  Tools 
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Tonga  of  various  shapes  are  very  useful,  in  hand-forging  opera- 
tioni.    frequently  parte  to  be  hsnntersJ  on  the  anvil  cannot  be  Laid 
\.   with  the  hands  |  but  with  tfce  aid  of  suitable  toogs  these  parte  nay 
be  very  conveniently  manipulated.    Saall  work,  sxtoh  as  vires,  and 
large  work,  such  as  Ingots  and  bars,  can  be  handled  by  properly  de- 
signed tongs  to  suit  each  etas.    The  jaws  of  the  tongs  are  designed 
to  grasp  the  parte  tc  bv  handled  and  homered  on  the  anvil.    A  va- 
riety of  tongs  oacaonly  used  in  hand  forging  Is  shown  in  Pig.  1. 
At  I|  flat- jawed  tongs  ar*  shown  j  F  shows  pick-up  tonjsj  CTillus- 
tratei  the  link  for  clamping  tongc  on  heav^  work.    These  are  only  a 
few  of  the  oownon-type  tongs.    There  are  nuasrous  other  toags  de- 
signed for  the  purpose  of  nesting  whatever  requirements  may  arise 
when  forging  needed  parte  and  tools  of  assorted  weigh4*  and  shapes. 


Fig.  6.  Flatter 

Other  hand stools  Include  various  chisels  which  are  used  to  cut 
off  hot  steel  or  tojaotch  cold  styoi*  1  Fig.  2  shows  a  se*  of  chisels 
which  are  used  for  cutting  off  steel  t    A  ie^the  tot  chiswl,  B  is  the 
cold  chisel*  and  6  is  the  bardie.    The  hardie  is  used  by  placing  it 
in  the  square  bole  in  the  heel  of  the  anvil,  and  striking  the  steel 
with  the  face  of  a  haMBsr  while  resting  the  steal  in  contact  with  the 

cutting  edge  of  the  hardie.    Swages  of  various  foms  are  used  for  

fonaing  and  finishing  convex  surxaoea,  round  holes,  and  other  shapes. 

Fig 9  3  shows  a  s*t  of  swaging  tools  designed  to  shape  round  work*  

the  upper  tool  is  known  as  the  top  swage  and  is  provided  with  a  hand- 
le similar  to  a  hanmr  handle.    This  tool  applies  tho  force  upon  the 
heated  astal  which  is  held  on  the  lower  swaging  tool,    this  lower 
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tool,  known  as  the  bottom  swage,  ii.held_in_place__by  a  square  stem  or 
shank  which  extends  downward  arid  fits  into  the  hardie  hole  in  the 
tail  of  the  anvil  (shown  in  Fig,  l).    Tools  having  ha- -die-hole  stems 
should  he^er  be  used  oh.  an  anvil  if  they  aro  so  tight-fitting  that  it 
is  necessary  to  clrive  them  into  place.    Pullers  are  tools  used  for 
forming  grooves  or  hollows  while  hot  metals  are  being  hEmmered  into 
raquired  shapes.    Fig.  U  shows  a  set  of  fullering  tools  designed  for 
working  grooves  or  hollows  into  shape,    A  set  consists  of  a  top  tool 
and  a  bottom  tools    The  top  tool  is  provided  with  a  handle  and  is 
used  for  finishing  metal  at  round  corners,  around  bosses,  and  on  the 
inside  of  angles.    The  bottom  tool  has  a  square  shank,  which  fits 
into  the  square  hole  of  the  anvil.    Use  fuller  to  spread  metal  in  one 
direction  oniyi 

Various  tools  are  designed  for  r  "to hing  off  flat  work  in  the 
finishing  process.    These  tools  ars  '<x  >.    as  set  banners  and  flatty. 
The  set  hammers  are  useful  for  wortoos  h->t  metal  and  forcing  it  into 
corners  and  narrow  places.    The  fx^-c--  -s  are  designed  for  working  wide, 
xat  surfaces.    RoundLpanehes  are  ompioyed  for  punching  round  holes  in 
hot  steel.    Appropriate  puncnes  of  other  Various  shapes  are  used  for 
punching  holes  of  oval  outline,  square  outline,  etc.    Fig.  5  shows  a 
set  hammer.    Fig.  6  shows  a  flatter*    Fig.  7  shows  a  round  punch. 

The  Blacksmith's  Forge,    The  simplest  forge  or  f =e  used  by 
the  blacksmith  is  an  open  nearth  vith  fore  ad  draft.    In  it  iron, 
steel,  or  other  metals  car*  be  heated  and  made  ready  for  hammering  into 
desired  shape J.    Refractory  material,  such  as  firebrick,  is  coranonly 
used  to  build  this  type  of  forge,  which  is  usuailf  of  rectangular 
shape*    A  simble  hood  is  orovided  at  the  top  of  the  icrge  to  catch 
smoke  and  convev  it  into  the  smokestack,    A  water  tank  rrado  of  iron 
is  often  fastened  to  the  side  of  the  forjrej  this  tank  is  chiefly  used 
by  the  blacksmith  for  quenching  a  heated.,  steel  tool  in  order  to  hard- 
en it*    The  blast  (forced  air)  for  these  forges  may  be  supplied  by 
blowers  or  by  hand  power.    An  opening  (tuyere)  is  arranged  at  the  bot- 
tom of  the  forge,  and  this  opening  admits  air  under  the  firej  it  can 
be  regulated  by  a  suitable  valve  arrangemt;;t,> 

Blacksmith's  forges  are  made  in  numerous  shapes  and  sizes,  but 
ell  of  them  are  built  according  to  the  same  principles  of  construction 
—principles  v.  ich  are  b»sed  on  the  fundamental  purpose  of  a  forge  to 
contain  the  fire  necessary  for  heatin?  metal  before  hammering,    A  deep 
bed  of  coke  should  be  maintained  with  a  minimum  amount  of  olast,  via 
t*e  tuyere,  during  +vie  heatinc  of  steels  in  a  blacksmith  forge.  A 
shallow  b<d  of  cc'  *  with  a  maximum  amount  of  blast  may  ba  responsible 
for  exces;i?o  oxidation  (formation  of  scale)  and  possible  burning 
(melting  eud  oparkling)  of  the  steel  while  it  is  being  heated. 
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Pig*  8  shows  a  dowri-dreft  for gre  provided  with. a  hbpd.fbr  carry* 
ihj?  off  smoke.    A  pipe  ia  connected  to  the.  hood  and  extends  downward, 
aa  shown  at  the  left  in  the  illustration,  to  an  under^burid  flue* 
which  leads  to  ah  exhaust  fan  which  draws  but  the_alr.    This  arrange- 
merit  of  urider^olmd.pipihe  is  known  as  a  down-draft  system*    The  pipe 
furnishing  the  blast  of  air_is  also  located  under  jrrbuhdj  at  the  ripht 
in  the  illustration,  a  small  pipe         be  seen  which  connects  with  the 
underground  blast  pipe  and  leads  upward  to  the  ttfyere.    A  simple  Valve 
arranpement,  controllad  by  a  handle,  regulates  the  amount  of  blast  ad- 
mitted to  the  fire* 


The  air  blast  in  some  of  the  older-type  for res  is  produced  by  bel- 
lows, whereas  the  more  modem-type  forces  emplcv  rotary  fans,  also 
V:nown  as  centrifural  blowers,  which  may  be  hand -driven,  the  fans  or 
blowers  are  operated  by  a  belt  from  a  pulley  or  the  line  shaft,  or  by 
a  belt  from  an  electric  rndtor,  or  by  a  motor  directly  connected  tc  the 
blower*    The  predominant  fuel  used  in  the  blacksmith's  forpe  for  heat- 
inr  wrought  iron  and  steel  is  a  good  quality  cf  soft  coal,  free  from 
sulphur,  which  is  broken  up  into  small  lumps  for  Uect  results.  Coke 
is  also  a  desirable  fuel  for  heatirip  iron  and  steel,  because  it  does 


no 


t  tend  to  choice  the  fire  in  the  f  orpe .    Charcoal  is  an  excellent 


Fig.  X.  Dou  n-Drafr  Forge 

fuel,  since  it  is  free  from  sulphur  and  other  undesirable  imparities 
and  pives  a  clean  fire ,    Charcoal  is  especially  recommended  for  heat- 
ihp  carbon  steels,  but  not  for  high-speed  steels,  became  the  tempera- 
tures developed  from  burninp  charcoal  are  not  suff icier. f  v>  hiph  to 
properly  heat  the  latter-type  steels,.    C-as,  oil,  and  powdered  coal 
are  also  used  as  suitable  fuels  in  the  blacksmith  forpe  for  heatinp 
both  iron  and  steel. 


341  357 

ERIC 


Heating  for  For ping.    The  heating  of  a  metal  is  one  of  the  most 
important  operations  in  the  production  of  a  f orpine  Frequently, 
this  operation  receives  little  attention,  With. the .result  that  numer- 
ous difficulties  are  often  encountered  during  the  forging  operation 
and  during  the  heat  treatments  which  usually  follow  forcing.    Many  of 
the  defects  which  seriously  affect  the  behavior  of  the  finished,  forged 
piece  are  caused  by  improper  heating  of  the  metal  prior  to  forring. 
Among  the  errors  made  in  the  heating  of  metal,  overheating  and  nonuni- 
form heating  ere  the  most  prevalent* 

The  proper  rate  of  heating  the  metal  is  such  that  no  great  differ- 
ence in  temperatures  occurs  between  the  surface  and  the  center  of  the 


Fig.  v.  Surf.uc  nf  a  Scifit-ft  <>f  a  Bunud  Billet 
<  hirlu.itcil  in  Fiifpiiij! 

metal.    When  a  metal  whose  surface  is  much  hotter  than  its  center  is 
worked,  a  nonuniform  effect  of  metal  flow  may  result  in  internal 
bursting  of  the  forging.    Acdepted  forging  practice  specifies  approxi 
matelv  one  or  two  hours  per  inch  of  section  of  a  piece  of  metal,  as  a 
proper  rate  of  heating.    The  time  of  soaking  (equalizing  the  tempera- 
ture) the  metal  at  the  maximum  temperature  should  be  long  enough  to 
insure  uniform  temperature  throughout.    A  small  steel  bar  may  take 
only  thirty  minutes  to  be  brought  up  to  forging  temperature  and  then 
onlv  ten  to  fifteen  minutes  for  soaking  before  forging.    A  very  ~arge 
steel  ingot  may  take  over  eighty  hours  for  heating  end  thirty  hours 
for  soaking. 

Forging  Temperatures,    Because  of  the  ease  of  forging  at  high 
temperatures,  there  is  a  tendency  to  heat  the  work  to  much  higher 
temperatures  than  those  actually  required  for  satisfactory  forging. 
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Excessive  tea?>eratures  may  result  in  burning,  which  destroys  the  co- 
hesion of  the  metal,  as  shewn  in  Fig*  9*    Remslting  the  metal  is  the 
only  thing  left  to  do  when  it  is  overheated  and  burnt*    If  the  metal 
is  heatod  to  an  excessive  temperature  but  is  not  burnt,  the  high 
heating  temperature  will  result  in  a  high  finishing  temperature  and 
coarse  grain  structure*    The  composition  of  the  motal  determines  the 
beginning  ot  ^mrntng  and  msiting  temperature  range  ej  the  heating  of 
the  metal  should  stop  short  of  these  temperature,  ranges  by  at  least 
200°  F*    The  amount  of  hot  forging  to  be  done  will  determine  how 


close  to  thxi  turning  temperature  the  mstal  should  be  heated*    If_  con- 
siderable changing  in  shape  ij  re^juired  to  bring  the  rati  material  in- 
to fJnisheii  form,  the  metal  is  ^atod  to  the  Uiiit  short  of  burning 
or  salting  it*    However,  if  only  a  flight  amount  of  forging  is  neces- 
sary to  for*  the  netal,  it  should  be  heated  Just  high  enough,  within 
the  ho^  working  raoge,  to  accomplish  the  finishing  at  the  pivper 
finishing  temperature* 

Measuring  Temperatures*    Nu^terous  modern  devices  have  been  de- 
veloped Tor  meat  tuning  temperatures  in  furnaces  where  mstal  is  hsated 
preparatory  to  fbrgLn^*    A  thertacxslectric  pyrometer  system  is  mosi 
generally  used  for  measuring  tin  temperature  of  a  furnace*  The 


Indicator 


l>ig.  10.  Diagram  of  a  Theri!H»clectric  Circuit  for  Indicating 
Furnace  Tchipcraturc 
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avstem  consist^  of  a  thermocouple  at  the  furnace ,  and  a  temper  a  ture 
measuring  instrument  that  is  connected  to  the  thermocouple  by  wires* 
The  measur'-ng  instrument  may  be  the  indicating  type  or  the  recording ,  ; 
tvpe  or,  in  some  cases,  en  instrument  incorporating  both  features. 
Fig.  10  shows  a  diagram  of  a  pyrometer  circuit. 

Tbe  thermocouple  shown  in  Fig.  10  is  a  simple  device  made  of  two 
wires  of  different  composition,  which  are  welded  together  at  one  end 
and  connected  to  the  indicator  at  the  other  end.    The  welded  end  is 
placed  in  the  furnace  and  forms  the  hot  junction.    The  wires  connect- 
ed to  the  indicating  instrument  form  the  cold  Junction.    The  mere  in- 
sertion  of  the  hot  end  of  the  thermocouple  in  the  furnace  does  not 
give  a  true  temperature  reading  of  the  steel  being  heated  in  the  fur- 
nace.   Sufficient  time  must  be  allowed  for  the  steel  to  heat  up  to 
the  temperature  of  the  furnace,  and  for  the  thermocouple  hot-end  func- 
tion to  do  the  same,  in  order  to  obtain  an  instrument  reading  repre- 
senting the  true  condition  of  the  heated  metal. 

There  are  other  satisfactory  conwercial  types  of  pyrometers  and 
temperature  indicators.    No  matter  what  type  of  instruments  are  used, 
they  should  be  frequently  checked  (about  twice  a  week),  if  they  are 
used  continuously.    Failure  to  periodically  check  the  instruments 
may  cause  serious  defects  to  become  present  in  finished  pre ducts. 

There  are  some  simple  methods  which  have  been  used  for  irany  years 
to  determine  the  tenperature  of  heated  metals,  particularly  iron  and 
steel.    These  methods  demand  a  trained  e^e  to  tell  approximately  the 
temperature  of  the  metal  under  consideration,    Of  course,  there  is  5 
possibility  of  error  in  a  visual  method  of  temperature  identification, 
since  no  one  can  accurately  determine  the  temperature  of  a  heated 
Hiatal  by  its  colors    Table  I  gives  some  idea  of  the  color  that  metal 
is  expected  to  be  at_ different  tempers tu-es^    A  blacksmith  hand  forg- 
ing a  product  has  only  one  practical  method  of  determining  tho  tem- 
Derature  of  the  iron  or  steel  heated  in  the  coals  of  hi3  f^e— ob- 
servation of  the  color  of  the  metal.    For  exact  for  ping  temperatures 
of  commonly  used  carbon  and  alloy  steels,  the  student  is  referred  to 
the  Forging  Handbook j  published  by  rhe  American  Society  for  Metals  of 
Cleveland,  Ohio,  19^9.    The  Alumiimm  Company  r£  America  and  Reynolds 
Metals  Company  publish  pamphlets  in  which  d<j  bailed  information  is 
given  regarding' the  exact  forging  temperatures  of  variolas  aluminum 
allovs.    For  forging  temperatures  of  othev  rtonferrous  alloys,  the  stu- 
dent is  referred  to  pamphlets  published  by  Revere  Copper  and  Frp-s 
Incorporated,  American  prass  Company-,  arid  Dow  Chemical  Company,  For 
detailed  information  regarding  all  properties  of  metals,  the  student^ 
is  referred  to  tho  Metals  Handbooks,  published  by  the  American  bociety 
for  Metals  of  Cleveland,  Ohio,  19ho. 
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Color 


Red,  lowest  visible  in  dark..... 
Red,  lowest  visible  in  daylight. 
Red,  dull. .......... ............ 

•• •••••••••••••••••••• 

Red,  light  (scaling  heat)...;ii. 
Orange,  f\ill. ....... ... 

Orange,  light.. ................ . 

Yellow,  ^lin.n.T,,,,,,,,,,,,, 
Tellow,  light  


Tempera  tart? 
(Sag;  Pahri) 

i   \  878 

\  887 

I  1100 

\  1370 

\  1550 


1725 
1B25 
1950 


Simple  Hand-Forging  Operations.    In  all  hand-forging  operations, 
the  metal  should  always  be  heated  in  the  forge  to  a  temperature  as 
high  as  it  will  stand  without  injury.    The  most  common  hand-forging 
operation  is  the  one  of  reducing  the  cross  section  of  a  piece  of 
heated  metal  and  thereby  increasing  its  length.    This  is  known  as 
drawing  out  the  heated  metal— an  operation  which  may  be  accomplished 
much  faster  by  working  the  ratal  over  thehbrnbf  ^the  anvil  than  ty 
homering  it  on  the  anvil  face*    Tha  metal  will  have  a  tendency  to 
flatten  out  too  much  and  spread  over  a  larger  area  if  hammered  on  the 
face  rather  than  the  horn  of  the  anvil.    In  swst  cases,  it  is  desir- 
able to  increase  the  length  of  the  heated  metal  rather  than  its 
width]  hence^  the jraitability  of  the  horn  portion  of  the  anvil,,  which 
has  a  restricted  area  of  action. 

Pig*  II  illustratesthe  operation  of  drawing  out  the  work  over 
the  horn  of  the  anvil*    It  may  be  observed  that  the  rounded  liorn  acta 
as  a  blunt  edge,  which  forces  the  metal  to  flow  lengthwise  when 
struck  by  the  hammer.    Drawing  but  the  work  over  the  horn  utilizes 
practic  nJy  the  entire  energy  of  the  hammer  blow Jji  forcing  the  metal 
tb_  stretch  in  the  most  advantageous  direction*    The  hand  tools  called 
fullers,  previously  described,  may  accomplish  to  a  certain  deK7?ue  the 
same  results  as  the  horn.    Ixi  the  .operation  of  a  steam  hammer,  a 
round  bar  of  steel  may  be  successfully  employed  for  the  same  purpose., 


Fig.  It.  Drawing  Out  Work  over 
Horn  of  Anvil 
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The  eueceesive  steps  in  d*|wing_down  _a  cyHndricai  bar  of  a  _ 
given  diameter  to  that  of  a  smaller  diameter  are  shown,  in _f±E*  12s 
It  may  be  seen  in  the  figure  that  when  drawing  out  or  pointing  cy- 
lindrical stock,  it  is  best  first  to  hamner  it  down  square  to  the  de- 
sired size,  and  then  to  round  it  to  the  required  diameter  by  striking 
a  few  blows  while  the  stock  is  still  hot  and  plastic.    A  jn  the  figure 
shows Jfre  original  round  sise.    B  is  the  first  step  in  haararing  down 
the  original  shape  to  a  square  shape.    This  square  shape  is  now  ham- 
mered to  ah  octagon  shape  as  shown  at  C,  and  finally  the  rounding 
operation  is  shown  at  D. 


Fig:  12:  Drawing  Down  Round  Bar 

Fig.  13  at  A  and  6  shows  the  iaqproper  and  proper  forging  of 
round  stock.    If  the  preliminary  round  stock  were  hammered  to  the 
final  round  stock  without  intermediate  squaring,  -toe  heated  material 
would  very  likely  split  through  the  center  under  the  blows  of  the 
hamrasri    The  effect  of  the  blows  coming  down  upon  the  stock  is  il- 
lustrated at  C  by  the  arrows  a.    The  metal  is  squeezed  together  in 
this  direction  and  forced  aparT  in  the  direction  at  right  angles  in- 
dicated at  C  by  the  arrows  b*    The  proper  procedure  of  forging  round 
stock  is  illustrated  at  D. 


T 
B 


Fig:  13:  Improper  (A,  B,  C)  and  Proper  W)  Forging  of  Round  Stock 


Another  typical  hand-forging  operation  is  that  of  upsetting. 
This  operation  consists  of  working  the  heated  metal  in  a  way  «»t  t -8  _ 
length  is  shortaned  and  its  thickness  or  width,  or  both,  are  increased. 
There  are  various  methods  used  in  upsetting  heated  metal.    The  most 
suitable  method  chiefly  depends  >'pon  the  size  and  shape  of  the  work. 
When  uosetting  short  pieces,  the  heated  wor!r  is  usually  placed  on  one 


346 


ERIC 


of  its  ends  on  the  anvil  and  the  upper  end  Is  then  hammered  directly 
dbwhi    If  the  work  p±Wo  ±s  not  kept  straight  1  th*ra  is  a  possibility 
of  a  bend  or  kihkj  end  if _  any  bend  occurs,  the  metal  ^:st  be  straight- 
ened out  before  additional  ^setting  is  carried  out ;    When  long  pieces 
are  to  be  upset j  they  are  usually  swung  back  and  forth  horizontally^ 
and  the  upsetting  is  accomplished  by  ramming  the  end  of  the  work 
against  the  anvil* 

A  forgint  operation  Jmdwn  as  waging  is  employed  when  certain 
portions  of  the  forged  part  ar*-  required  lobe  smooth  and  accurate,  or 
when  cylindrical  portions  bf_tha  part  are  to  be  squeezed  to  assume  an 
even,  round,  taper  shaoe.    If  accuracy  is  not  required,  swapinp  c^i_be 
done  bv  hand  with  hand" tools.    For  nore  accurate  work  ard  for  larger 
sections,  a  pair  of  simple  swaging  form*  or  dies  is  attached,  one  to 
cthe  anvilwand  the- other  to  the  ram  of      stsam  or  other  power  hammer* 
Fig.  Hi  illustrates  a  simple  hot  swaging       ration  with  the  aid  o*  a 
pair  of  swaging  dies..  The  dies  shown  at  A  and  *  have  rounded  corner- * 
and*  this  is  a  desirable  feature;  since  the  swaging  wiik  net  form _____ 
sharp  comers  in  the  heated  metal  as  sho*;n  at  D,  which  'final ly  would 
be  folded  in  as  shown  at  S.    The  dies  shown  at  G  have  correctly  round- 
ed- corners,  but  the  positioning  of  the  work  *s  not  correct  relative  to 


Fig.  M.  Cbrtect  and  Incorrvct  Dies  *nd 
Mer.Hxb  of  Swaging 

In  determining  the  amount  of  stock  required  to  make  a  forped 
part  of  specific  shape,  ?ny  change  in  the  density  of  the  metal  daring 
a  forging  operation  may  be  disregarded,  since  i+  is  too  small  to  conr- 
sider  for  all  practical  purposes.    Therefore,  the  volume  of  the  metal 
before  forging  is  essentially  t>ue  sain*  as  that  after^  forging,  and  it 
must  be  predetermined  before  the  operation.    Such  volume  ma:'  be  com- 
puted tr*  geometric  principles  a 
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Example*  Suppose  a  3-inch  diameter  steel  bar  is  heated  and  forg- 
ed by  upsetting  into  a  circular  disk  having  a  diameter  of  8  inches  and 
a  thickness  of  2  inches;    What  length  of  bar  is  required? 

> 

Soiuti^r  .    y  ret,  find  the  volume  of  the  disk.    The  disk  is  reills 
tx  ^vlinder^.  *>rt.*'  'jn&  volume  of  k  cylinder  is  found  by  multiplying  the 
area  &2        ~:tP-,  by  its  altitude.    The  base  ars^  is  calculated  by  the 
forrralz    A  ■  ttr^    where  A  equals  area,  ft  equals  3*lkl6  and  r^  equals 
radius  squared. 


The  altitude  (height)  is  2  inches.    Then  50.27  x  2  ■  100. 5U  cubic 
inches j  which  is  the  volume  of  the  disk* 

Next^  find  the  volume  of  a  lerirth  of  the  rod  1  inch  long* 

The  rod  is  also  a  cylinder  and  the  same  procedure  can  be  followed 
in  findinr  the  volume  of  a  piece  1  inch  Ion?. 


The  altitude  of  a  length  of  the  bar  1  inch  long  is  1  inch,  because 
we  think  of  this  length  as  a  cylinder  having  its  base  drwn.  Then, 
7.07  x  1  *  7.07  cubic  inches. 


Finally,  if  100.5b  is  divided  by  "".07  the  result  will  be  ted  number 
of  inches  of  3-inch  bar  necessary  to  ^nrm  the  disk.  Thus,  100. 5U  ♦  7.07 
«  ^.22  inches.    Call  it  11.25  c+  ?.  -  ]■  ir,  es. 

\    Exact  reproductions  of  a  givvvr  l  or  King  are  seldom  obtained  iri  hand- 
forging  operations  •  ecause  of  a  number  of  factors  involved.    The  chief 
factor  is  that  most  hand-forg^n,"  operations  are  carried  out  without  the 
use  of  any  dies.    If  dies  are  used  in  some  cases,  they  are  of  a  ten porary 
nature  and  are  designed  simply  a^d  inexpensively  vithout  consideration  of 
accuracy.    Another  factor  contrinutinp  to  size  variations  in  hand  forcing 
is  the  frequent  omission  of  proper ' allowances  for  certain  conditions  oc- 
curring in  the  fprpinf  operations.    VJhether  f orpinf  by  hand  or  by  mech- 
anical means,  allowances  must  always  be  made _f or  the  shrinkage  of  the 
heated  metal  when  conlinr  in  open  air  after  f  orpin^    Similarly,  as  the 
pattern  maker  allows  for  the  contraction  of  the  cold  castinp  made  from 
molten  metal  poured  into  a  sand  mold  whose  shape  is  fashioned  by  the  pat^ 
tern,  the  forper  must  also  make  allowances  for  the  contraction  of  the 
hammered  metal  after  it  is  cooled  to  the  surrounding  temperature.  The 
rates  of  contraction  of  heated  metals  aie  given  in  handbooks. 


A  -  3.1U16  x  h2 
A  -  3.1U3-6  x  16 
A  -  50.27  square  iriohes 


A  -  3.11*16  x  1.52  (radius  is  |  of  diameter) 

A  •  3.U16  x  2.25 

A  -  7.07  square  inches 
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Welding  by  Hand_Fbrging_.    Thia  is  a  simple  process  used  in  

joining  two  pieces  of  metal  by . weans  of  heating  the  metals  to  their 
forging  temperature  arid,  then  hammering  them  together;    For  centuries^ 
this  process  was  the  only  means  used  in  welding  metals,  and  it  still 
is  used  to  a  limited  degree  at  the  present  time  when  hand  welding  is 
sufficient  to  attain  _the_ required  purpose  •    Thrj  chief  requirement 
for  a  successful  hand  welding  is  the  proper  heating  of  the\  metals  to 
be  jbined--thls  must  be  done  . cleanly  arid  evenly throughout  \ the  metal 
areas  to  contact.    Ah  excessive. temperature  will  cause  the  metal  to 
Jburn.    A  sample  of  burnt  steel  is  3howri  in  Fig.  9.    An  insufficient 
heat  will  prevent  the  metals  from  sticking  to  each  other*    The  ex- 
perience of  the  welder,  however  ,  will  digitate  the  proper  temperature 
to  which  the  metals  should  be  heated  before  hammering*.    The  color 
scale  of  iron  and  steel  at  different  temperatures  was  shown  earlier 
in  this  chapter .    In  the  case  of  unknown  conditions ,  it  is  recommended 
to  experiment  first  with  small  samples,  of  the  metals  to  be  joined  be- 
fore undertaking  the  main  task  of  welding. 

The  metal  areas  in  contact  must  be  free  from  impurities^  such  as 
dirt,  oxide  scale,  grease,  and  sand  particles,  before  the  welding 
operation  takes  place.    When  iron  or  steel  are  heate.l>  their  surfaces 
will  oxidize  very  rapidly,  i.e.,  an  oxide  scale  will  form  on  their 
surfaces  due  to  contact  with  oxygen.    This  iron  oxide  or  scale  will 
prevent  the  heated  areas  in  contact  from  successfully  sticking  and 
forging  together.    However,  if  the  portions  to  be  joined  a**a  heated 
to  a  temperature  high  enough  to  melt  the  surface  scale,  and  if  these 
metals  are  properly  shaped  at  the  Joint,  vigorous  hammering  will  force 
out  the  molten  scale  from  between  the  two  parts  that  are  to  be  ;Jt?ined. 
The  result  will  be  that  only  clean  surfaces  of  the  heated  metals  vill 
be  in  contact  and  they  will  stick  to  each  other. 

Very  high  welding  temperatures  may  be  desirable  for  melting  the 
surface  scale  but*  at  the  same  time,  they  may  be  the  chief  cause  of 
hvrning  the  metals  in  contact^    To  remedy  this  latter  condition,  suit- 
aole  fluxes  are  used  in  these /forge-welding  operations.    Fluxes  are 
used  to  lower  the  melting  point  of  the  scale.    The  operation  is  car- 
ried out  by  sprinkling rflux  oh  the  metal  surfaces  to  be  joined  im- 
mediately before  the  welding  heat  is  attained.    The  metal  thus  treated 
is  placed  in  the  fire  again,  and  is  heated  to  the  welding  temperatures 
Tton  the  metal  is  hammered  to  make  the  desired  weld.    The  flux  enables 
the  scale  to  meit  at  a  much  lower  temperature  than  would  be  the  case 
if  flux  were  not  used*    The  applied  flux  melts  immediately  and  spreads 
over  the  surface  of  the  heated  metal.    It  forms  a  protective  shield 
which  guards  against  the  formation  of  additional  scale  by  keeping  out 
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the  bxidizing  air;    Fluxes  serve  only  to  lower  the  melting  point  of 
scale  arid  to  preycrit  air  from  contacting  the  heated  woriu    It  is  an 
erroneous  belief  that  flux  also  acts  as  a  binder  or  cement  which 
makes  the  two  contacting  areas  stick  together. 

Various  fluxes  have  beeri_developed  to  suit  -the  wide  variation  in 
forge-welding  applications.    The  most  cownc-i  fluxes  are  sand  and 
borax.    When  welding  wrought  iron  or  machine  "t*ol,  sand  is  found  to 
be  a  suitable  flux.    In  the  welding  of  tool  s^eel  or  fine  work,  borax 
is  the  best  flux^  since  it  melts  at  -  lower  temperature  than  sand. 
This  low-melting  characteristic  makes  it  possible  to  use  lower  welding 
temperatures — a  desirable  feature  ih  the  welding  of  high-grade  work. 
A  combination  of  borax  and  ammohiujn  chloride  isal  ammoniac)  is  also 
recommended  as  a  satisfactory  flux*    The  usual  proportion  of  the  com- 
ponent ingredients  of  this  flux  is  It  p^-ts  of  borax  to  1  part  of  sal 
antnoniac. 

The  proper^ shaping  of  the  contacting  surfaces  previous  to  forge 
welding  is  known  as  scarfing.  The  ends  of  the  pieces  to  be  success- 
fully welded  are  so  shaped^  or  scarfed^  that  they  do  not  fit  tightly 

before  weldirtg*  but  just  touch 

"  —   in  the  center  of  the  jbiht*  leaving 

 the  sides  open.    When  the  weld  is 

made,  the  molten  scale  is  forced 
from  between  the  pieces^  The 
welding  method  most  commonly  used 
o    t         f    XK  w  to  join  flat  bars  together  is  lap 

1  :«;.    v  Dxcrl.inpinc         "iM  -----   ^ —  ^    iL  --■  

11   ■  .  welding i    The  ends  of  the  pieces 

are  scarfed  by  upsetting  in  such  a  way  that  they  are  much  thicker  than 
the  rest  of  the  pieces.    The  purpose  of  this  shaping  is^  first*  to 
allow  for  V;e  metal  which  may  burn  off  and  become  lost  because  of 
fxcessive  scaling  and,  secondly,  to  allow . for  ^he  vigorous  hammering 
that  causes  the  pieces  to  join  together.  Fig. ^  ^  illustrates  the 
proper  shape  of  the  ends  and  their  overlapping  petition  previous  to 
their  being  joined  by  hammering. 

When  welding  tool  stael,  an  operator  must  exercise  great  care  in 
heating  the  metal  previous  to  working.    The  ends  are  scarfed  in  the 
same  :>tanner  as  other  metals.    A_borax  and  sal  ammoniac  flux  is  recom- 
mence, in  welding  tool  steel.    In  some  cases  dissimilar  metals  may  

also  be  successfully  welded,, such  as  carbon,  tool  steel  or  alloy \  tool 
steel  to  wrought  iron  or  to  low-carbon  steel.    The  laffter  two  wte tais 
are  inexpensive -as  comparfec?  to  the  first  two  metals.    In  the  manu- 
facture of  certain  tools  and  implements ,  inexpensive  metal  nay  be 
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mid*  to  serve  is  the  backing  or  support >  whereas  more  exp*hsiira  e^tal 
*    may  be  needed  for  the  toois^  sharp  edges  or  facing s^  wMch  must  reoist 
wear  and  abrasion  in  service  -9    Pig*  16  illustrates  how  welding  of 
d^siadlar  wtals  is  adapted  in  the  manuficture  of  a  machine  knife. 
Tha  support  or  back  strip  for  the  knife ,  shown  at  A,  may  be  made  from 


fO  (a) 


F:g,  16,  Welding  in  the  Manufacture  of  z  Machine  Kni 

from  inexpensive  iow-cirbon  steel*    The  support  is  shaped  or  Locarf ed 
at  a  h$  degree  angle  to  make  a  suitable  joint  with  the  tool  steel* 
which  is  also  scarfed  it  the  same  angle.    This  is  tnuptrated  at  B 
in  the  figure,  where  both  members  are  shown  reader  for  the  weld,  _A 
section  of  assembled  parts  after  hammer  welding  is  shown  at  C,  The 
finished  knif e  after  grinding  is  shown  in  seotion  at  D. 

Welding  of  dissimilar  metals  is  common  in  the  manufacture  of 
numerous,  edged  tools  used  in  various  ihdustries-^tobls  such  mm 
knives,  blades,  chisels^  and  others*    There  are  defiriate  advantages 
derived  from  this  practice^   The  cost  of  the  product  iu  reduced  at 
lib  sacrifice  of  its  quality*    Usually,  only  the  working  portion  of 
the  tool  is  *»at  treatedj  the  soft  backing  ailowe  for  straightening 
after  the  heat  treatwnti    The  soft  backing  ilso  insures  a  much 
stronger  finished  tool*    hotter  illustration  of  baaaaer  welding  of 
an  expenrife,  tool-steel  blade  to  an  inexpensive  low-carbon-steel 
holder  or  ferrule  is  shown  in  Fig*  17* 


Fig:  17;  Hammer- Welded  Blade  and  Ferrule  of  Wood- Working  CKvei 
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Tool  Forging  by  Hand.    Numerous  toolHj i  such  as  lathesi  shapers^ 
and  planers — various  chisels  for  work  oh  metal,  stone ^  and  other 
materials — tools  used  in  tha  cutting  and  carving  of  wood^  are  in  most 
cases  hand  forged  by  hammering jto  desired  shape  Si    Afieivuvdj  they 
are  rough  ground,  hardened,  tempered  and,  finally,  ground  to  the  ex- 
act shape  and  required  keenness .    The  methods  used  in  hand  forging 
these  tools  are  essentially  the  same  as  those  previously described. . 
The  proper  heating  of  the  stock  in  the  furnace  before  hammering  is  an 
important  prerequisite  for  successful  forging i    Correct  temperatures 
of  the  furnace  and  of  the  rretal,  both  at  the  beginning  of  forging 
process  and  at  the  end,  proper  handling  of  the  equipment,  etc. ,  are 
observed  with  greater  exactness  in  making  keen-edged  tools  than  in 
forcing  ordinary  products. 

Many  grades  of  steel,  both  plain  carbon  and  alloy,  are  employe  d^ 
in  the  making  of  tools  by  hand  forging.    For  econonjy  reasons,  plain- 
carbon  tools  are  satisfactory  if  the  tools  are  employed  in  light  serv- 
ice and  are  not  subjected  to  the  influence  of  high  temperatures,  high 
speeds,  and  other  c  oitions  detrimental  to  this  type  of  material. 
The  carbon  content  i%  usually  high,  0.90  Der  cent  for  chisels  and 
about  1.20  per  cent  fur  cutting  tools  on  machines,  such  as  lathes, 
shapers,  and  planers.    In  the  forging  of  a  chisel,  the  steel  stock  is 
first  heated  in  a  suitable  forge  or  furnace  to  a  good  yellow  heat  and 
then  is  hammered  into  the  required  shape  and  finishe  1  smoothly  before 
the  metal  cools  off  appreciably.    Since  the  equipment  to  hand  forge 
a  tool  consists  only  of  an  anvil  (particularly  the  horn)  and  hammers, 
as  shown  in  Fig.  lp,  skill  in  heading  the  stock  and  holding  it  over 
the  anvil  proper      is  required.    An  experienced  craftsman — one  familiar 
with  the  behavi      c     heated  metal — is  usually  v  7  led  upon  to  car~y 
out  the  operatf     .       :ecially  if _ high-grade ,  e       isive  tools  are  to 
be  hammered  to  :  Fig*  38  illustrates  tb'       ,hod  and  steps  fol- 

lowed in  hand  forging  a  cape  chisel. 

The  completed  tool  is  shown  at  the  top  of  Fig.  18.        ia  first 

step  consists  of  hammering  a  portion  of  the  stock  over  ths  anvil 
horn,  as  shown  at  A.    Other  portions  of  the  work  are,  then,  progres- 
sively hanrjinerec  oh  Ihe  wider  surface  of  the  anvil  as  shown  at  B,  C, 
and  Di 

Fig.  19  shows  the  r.ethod  of  forcing  a  typical  cutting-off  tool; 
The  hammering  of  the  thin  portion  of  the  tool  over  the  anvil  is 
shovm  at  A.    The  position  of  the  haimne;?_  relative,  to  the  work  should 
be  noted  i^  the  illustration.    The  comp?.e^>.d  tocl  Is  shewn  at  B. 
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Fig*  23  chows  tha  aettus.,  atfl  steps  used  li.  mfcing  the  general 
shape  ci _a  Stxaona^int  tool.    The  shape  is  st^»ted  by Ufdng :  m 
bott  'jm  fuller,  working ^he  stock  down  fcfcoui  one-third,  as  shown  at 
i.    The  rounded  edg*  of  the  anvil  iay  alio  be  used  In  place  of  the 
fuller.    The  point  la  formed  then,  as  show?  at  B,:  and  turned  on  the 
aide,  as  shown  at  C,  for  starting  the  diamond  shap*.    Both  sides  of 
the  tool  are  Worked  until  the  proper  shape  and  else  are  formed  as 
desired.    Finely  the  tool  x>int  is  placed  on  the  flat  aide  on  toe 
anvils  and  with  the  aid  of  a  £ot  chisel,  the  point  is  cut  to  proper 
length,  as  shorn  at  D. 

Fig*  21  shows  the  method  of  £ orging  a  fide  tool*    The  operation 
IsstJurted  by  drwrihg  down  a  point  endwise j  as  shown  at  i  in  the 
illustration.    The  point  is  hmered  out  at  the  corner  of  V*  anvil 


Anvil        l  jf 

Fig:  te.  Method  of  Forging  Cape  Chisels 

so  iki*  it  v*n  be  drawn  B««X?._wittout  striking  the  corner  of  the  SWT 
inV  ii*  SSviJ  wrk  is  then  brought  to  the  flat  horn  of  the_  an- 

v*i  for  SI-  rpenirig  or  drswingout  tttn  on  one^side.    4*_B  .ta  gho^toaf 
part  ctf  'd»  face  of  the  fea-er  is  ^rtegg  over  tftf  ^^^^ 
that  all  b"  the  recess  in  the  work  will  occur  on  the  side  that  la 


tig.  iv.  Arctiiod  of  Forging  a  Cuii»ng-C£  T<*« 
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down;    Jfcxtj  t:-e  tool  is  placed  bri  the  anvil  as  shown  av        arid  its  'op 
edge  ts  ire'ni  over  to  get  the  proper  side-clearance >  as  s/ibvn  at  E.  U 
shows  how  the  completely  forged  tool  is  quenched  in  a  cold  liquid^  water 
or  oil;  after  heating  it  to  the  hardening  temperature.    This  temper- 
ature  may  b<o  recognized  by  tht?  color  of  the  heated  tool*    It  varies 
frora  a  fuU  red  to  a  light  red,     the  color  sc*.le  of  steel  war  shewn 
earlier.    The  heating  of  the  tool  and  the  rapid  quenching  hardens  the 
metal.    After  hardening,  the  tool  is  reheated  to  a  lower  temperature 
than  that  of  hardening;,  and  then  is  cooled  to  room  temperature  *  This 
last  operation  tempers  or  dr^vs  thu  rrxtsij  iiei,  it  reduces  the  h-ard- 
nesr)  but  increases  the  toughness  of  the  tool.    Tempering  temperatures 
vary,  depending  upon  the  degree  of  tempering  or  drawing  that  it  is  de- 
sired to  achieve  in  a  product .    Such  temperature  may  be  as  low  as 
liOO  degrees  F.  or  as  high  as  1200  degrees  F.,  or  even  higher i 

Of  course,  production  tools  ^ded  in  large  quantities  are  forged 
by  means  of  power  hammers  and  preci sedies;    The  accuracy  of  the  tool 
shape  is  assured  by  the  workmanship  of  the  dies.    Forging  dies  are 
expensive,  but  their  cost  is  warranted,  since  they  are  used  in  large 
biume  production  of  required  parts.    High-production  tools  are  made 
fron        -rial  of  superior  quality — g.ock  that  will  withstand  high 
tempera turns  encountered  in  high-speed  machining  L id  that  will  resist 
wear,  c-^-xslc/n,  and  other  detrimental  effects* 
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SOAP 


Soap  has  been  used  as  a  c leans irig_agerit  for  mere  than  2^000  years. 
It  is  a  good  detergent  when  used  in  soft  or  softened  water.    It  cleans 
well  became  it  can  be  dissolved  in  warm  or  hot  Water  to  form  suds  which 
penetrate  quickly  ar><?  deeply  irit  >  the  fiuors  of  a  fabric;    it  emulsifies 
H?ca?e;    and  holds  the  dirt  in  suspension  Until  it  dul.be  rinsed  away* 
taking  soap  at  hone  is  a  thrifty  practice  for  any  family.    It's  a  way 
to  use  fat  fr'    butchering  and  cooking  which  is  often  wasted. 

I\nkl;L)ILNTS   'OP  cOAP 

r>- :    ,v>rc\;  jhgrediedts  are  heeded  to  make  30ap--coid  water,  iyet 
? nd  f  '  rounds  of  fat  arv*  one  can  of  lye  can  be  made  into  nine 

pound;         --^ip...  Fat.fvSn  butchering  can  be  used  to  make  an  excellent 
quality  ^ap,    JJsed  fat  can  be  clarified  to  make  clean  fat  Suitable  for 
soapmaking. 

bye  . 

Hhen  you  Buy  lye  notice  the  sodium  hydroxide  rontent.    Since  tnere 
are  many  different  brands  on  the  market  read  the  label  and  be  sure  the 
sodium  hydroxide  content  is  94  to  98  per  cent.    It  is  usually  sold  in 
cans  containing  nhout  13  ounces • 

ANTIDOTE  FOR  I-YE        LYE  IS  POISCN       IT  BURNS 

For  protect ibri  when  making  soap,  keep  a  small  bowl  of  vinegar 
near    so  it  ya:  spatter  lye  oh  your  hands  ;  cv  can  dip  them 
irnmeci lately  into  the  vinegar  to  neutralize  it,    if  burns  are 
series  f  call  a  doctor  immediately.    Drench  burned  spot  as 
sou.i  n<  ro'sible  wi-th  water  ana  '."zthe  with  vinegar,    if  lye 
has  heeii  :>wal  lowed, Vgive  juice  tf  lcmonf  orange ,  rhubarb  or 
grapefruit,  oi  if  you  don't  have  -.h*%sc  use  vinegar.    Give  as 
much  o  the  person  will  take, 

y'cu  can  use  any  animal  or  vegetable  fat  but  hot  mineral  6i\9 

__  __  __  _  . 

Mutton  tallow  has  a  very  hi<;h  melting  point  and  is  hardest  of  all 
aiirns1  r^ts.  If  will  make  a  hard ^  dry  soap  Unless  additional  -iatcr  is 
addc  .5;  -nixed  with  soft  fats  an  lardj  goose  grease  or  'cHiC'Ren  rat. 

iiriw  is  next  in  hardness  and  should  be  mixed  with  softer  fat 
or  ition.il  wacer  added, 

rbuitry.fat  used  alone  makes  a  sift  spongy  :f  so  should  be  used 
with  harder  fats. 

Any  of  these  fats  can  be  mixed  and  w;  11  m^kc  gcci-  ^oap.    Soap  made  * 
frcrn  oils  or  Sv>ft_fatf  requires  less  water  arid  needs  to  dry  longer  than 
.  :ap  made  frctti  tallow. 

 Score  fat  ir.  ft  cool  dry  plpce  while  collecting  enough  for  sosp^ 

r.akipy,  ^P^y?1"?  ^1?  best  to  make  fat  into  soap  prcrtptly  and  let  the 
soap  age  rather  than  to  let  the  inZ  get  cid  and  rancid,  Soa^  improves 
with  a^ef  but  f*at  does  not. 
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To  Render  Fat 

1-  Grind  fat  using  the  coarse  blade  or  cut  into  small  pieces* 
2#.    Put  into  a  large  kettle  on  top  of  range  or  in^roaster  in 

the  oven.    Add  a  quart  of  water  for  each  16  pounds  of  fat . 
3^    Use  moderate  temperature  and  stir  occasionally* 
Ui    When  r-or,  iings  begi:"i  to  browr  and  settle,  strain  arxi. 

squeeze  aJl  of  the  fat  from  the  -racklings;    CracKlings  themselves 

don't  make  soap. 

To  clarify  Drippings  areLRemove  Salt 

1#    Put  drippings  into  kettle  with  equal  amount  of  water. 

2.  Bring  to  a  boii^  remove  from  hetu  and  stiri  (Caution: 

fat  boil*  over  easily)  .  --    -  --  - -- ■  ■ 

3.  *or  each  gallon  of  hot  liquid  pour  1  quart  of  cold  ware* 
over  the  surface  of  the  fat.    ( Caution  1    if  fat  spatters  cool  a 
little}    Stir  slightly. 

hi    Cool  and  skiia  fat  from  the  surface* 

To  Remove  Rancidity 

i;  Boil  sour  or  rancid  fat  in  a  mixture  of  5  parts  of  vator 
ho  one  part  of  vinegar..   

2.    Cool  and  skim  f  *t  from  the  surface,  _ 

3#  Remslt  the  fat  and  for  each  gallon  of  hot  liquid  add  one 
quart  of  cold  water.    Stir  slightly . 

U.    Cool  and  sk±id  fa+  from  the  surfaces 

uVcir  Ing^ 


Jf  perfume  is  desired. use  oil  of  citronella,  oil  of  sassafras, 
oil  of  lavender  or  oil  of  lemon. 

Uncoil  i  soap  is  usually  mb/,1   -     factory.    Hoover,  vjea 
maidrig     diet  soap  if  a  slight  ,  ellow  .olor  or  ^rbled  effect 
is  desii  i,  use  liquid  butter  coloring.    Other  colors  are  not 
easily  a  xllable . 

Pumice  stone  powder  for  mechanics 1  soap. 
Gil  of  tar  for  Uar  soap. 

r&n+oT  oil  tvj  prevent  abrasive  from  settling. 
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Borax  to  quicken  sudsing  action* 


C^oo  Tit  oil  to  produce  a  fine  aliasing  soap* 


Equipment  Weeded 

Utensils  should  be  iron,  enamel ^  crockery  or  glass.    You  will  need* 

Large  .round  bottom  bowl  or  utensil  (6  quarts) 

Small  bowl  pr  u  ensil  (2  quarts) 

c  candard  tablespoon*  cup  and  pint  sjeasures 

slotted  wbddeii  spoon 

Dairy  theirrometer 

Household  scales 

Flat  wooden  box  soaked  in  water  ?M  lined  iith  yzt  cotton  clot 
Making  Soap 


The  "Saponification*1  Pr-^co^e 

soap  is  a  chemical  process    When  lye  afifi  fat  are  brought 
together  under  the  right  conaiW^ns,  they  react  to  make  entirely 
different  products .    Fat  pfcdjiye  produces  soap  and  glycerine* 
This  process  is  called  spsonificationi    it  may  take  several  weeks 
for  complete  saponification  jo  take  place.    When  it  is  sapbnifiedj 
the  produce  ~ ^rer  s  ^arates  into  fat  and  lye  agaiii     In  hcanemade 
so&p^  giycerine  is  i  f:c  in.    Commercially  it  is  separated  and  scM 
as  glycerine . 

If  proportions  used  are  correct  and  sapoal  ft  cation  complete ^ 
%-he  ^oap  formed  w±li be  neutral.  If  aiy  free  lye  present^  the 
soap  nbitep~  tfhen  touched  with  the  tongue* 


Precautions 


Son1 1  use  aluminum  ucenslls  for  m&fciiig  soap. 
 2.    For  excellent  soap  use  exact  >r^i£htsj  measures  and  tem- 
peratures. 

3i    Always  add  the  lye  slowly  to  the  water. 

it*    Always  add  the  ly  j  solution  slowly  to  the  Wilted  fftt^j 

 5.    Rapid  addition  or  lye  to  fat  or  iorfr/^  uneven  stir^iQg  i 

caase  separations  f 
Pour  mixture  into  the  mold  carefully. 

tm    Den  t  allow  new  soap  to  fre*~o* 
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Correct  Temperatures  kre  Important 

fhe  following  chart  giveo  temperatures  for  the  lye  :o1k-ov  b:\0 
melted  fat.    Jse  lower  range  in  warm  weather. 


Type  of  Fat 

Tallow 

j  «ird  and  tallow 

(half  and  halt') 

it  lard  or  other 
soft  fats 

Soft  rancid  fat 


Tesnporature  of 
flelted  Fat 

120°  F  -  1J0°  F 
100°  F  -  110°  F 


80°  F       8$°  F 


?  riper*-  urs  of 

90°  F  -  95?  F; 
to°  ?  -  8^  F 


-0°  F  -  7^  F 


97°  F  -  100°  F         75°  F  -  80°  P 


Recipes  for  Cold  Process 
Soap  with  Soft  Fat 

5  cups  cold  soft  water 

1  can  lye  (13  osO   

6  pounds  soft  fat  (lard 
or  mixed  fsts.)  

2  tablespoons  of  borax 
may  be  rdded  

1  it.  2  tablespoons  of 
perfume  if  desired ~. 


Soap  from  Tallow 

7  cup?    cold  soft  wat«r 

1  can  lye  (13  9?.) 

6  pounds  of  mutton  or  berf  tallow 

2  t&_>;  ^apoons  of  borax  may  be 

auded 

1  to  2  tablespoons  of  perfume 
if  desired. 


Method 

1.  Put1 correct  amount  of  cold  water  into  a  2  qucrt  v'^nsil 
(earthenware  or  heatproof  glass).  Add  slowly  one  can  of  lye  and 
stir  until  disolved.    Cool  solution  to  temperature  given  in  Jxart.  . 

2.  Put  melted  .*at  into  a. six  quart  utensil  (earthenware  or 
glass)!    Add  the  lye  solution  in  a  slow  steady  stream.    Stir  slowly 
until  +ne  mixture  is  thick  and  creairy. 
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3.    If  desired  add  any  or  all  of  the  following:    borax,  ! 
perfume  and  color* 

i 

Lu    For  bgr  soap  pour  carefully  into  c  soaked  wooden  box  lined 
with  a  wet  clotIL    V^en  well  set  remove  and  cut  into  convenient 
sized  cakes.    Pxle  so  air  circulates  sround  each  cake. 

5>«    ?or  grfr-lar  form  leave  in  cbhtataer^and  stir  occasionally 
over  a  period  of  several  hours ^  until     .becomes  dry  and  crumbly-. 
Ipu  can  also  grind  bar  soap  tl  rough  a  food  chopper  for  granular  form. 
If  you  prefer  flakes,  cut  bar  soap  with  a  slaw  cutter.    Granular  soap 
or  flakes  can  be  stored  in  a  pasteboard  box  or  any  other  convenient 
container . 


Curing  Soap 

Best  results  are  obtained  if  honemade  soap  is  cured  at  room  temper- 
ature .    It  can  be  used  *t  the  end  of  a  month,  but  rince  aging  improves 
it  a  longer  period  is  better i 


OTH  FA  SOAPS 


Toilet  Soap  is  made  like  other  soap,  only  the  fat  usod  is  from 
Eutchering  instead  of  drippings.    It  gives  a  whiter,  better  quality 
soap. 

gloating  soap  is  made  by  folding  air  into  any  soap  when  it  bo- 
gins  to  hare  a  treai^  consistency.    Test  for  floating  by  dropping 
*  few  drops  on  ^oV  water.    Except  for  ttse  convenience  of  soap  staying 
<d  top  of  the  **a  :er,  floating  soap  is  no  better  than  other  soaps. 


Tar  soap;    As  any  piaiit  xarti  or  tallow  *©ap  become*  c;  eajqy^ 
z-Yi I  eight  ounces  of _oii  of  tar.    Work  in  well  by  stirring  to  prevert 
smell  lump-*  from  formings    Tar  soap  i3  used  frequently  f  ir  shnmp*,o* 

Shaviiig_s^£i    To  one-half  i^cipe  of  soap  add  3  ounces  of 
coconut  o.    i    0r  use  ail  lard  for  th«  fst» 


Mechmtc?s  Hand-£r^p  (tfskes  11  pounds) 

3  pounds  homemade  s<cv>  1  tableopoon  borax 

6  cups  wat*r  (7  rip*  If  3  ounces  light  mineral  oil 

the  3  >ap  is  very  dr/}  5  pounds  of  puuiee  a  tons  powdur 
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Method:    Dissolve  3  pounds  of  homemade  soap  in  6  cups  of 
water      Add  borax  and  mineral  oil;    When  cooled  to. a  creamy 
consistency  work  in  the  pumice  stone.    Pour  into  wide  mouth  Jars 
or  cans  which  are  then  tightly  covered  and  use  as  a  paste,  or 
pour  in*-o  a  mold  and  when  hard  cut  into  cakes. 


IF  YOl'  liAVE  "BAD  LUCK" 


If  separates,  it  can.be  reclaimed.    Cut  or  shave  soap  into  an 

9«fl»I  or  iron  Kettle.    Use. rubber  gloves  or  cut  soap  without 
toucn'J  n    Be  sure-  to  use  any  lye  that  has  separated  out  ano  about 
2/3  bint  of  water  for  each  pound  of  soap.    Stir  slowly  and  evenly 
aid  bring  gradually  t«  the  boiling  point.    Watch  car*' ay  for  it 
will  boil  over  easily.    Boil  until  the  ;  ixture  dro,  .  the 

spuon  in  sheets.    Pour  into  molds  and  cover  as  befc  • 


GOOD  SOAP  SSXJLn 


3e  neutral,  no  lv?  or  fat  pveseir. 
Be  attractive 

Have  a  clean,  who]; some  odor 
Gurl  when  shaved  (if  fresh) 


CANDLES 


Candles  a-e  run  in  moulds,    For-  this  repose  melt  together  ....Be 
barter  c"  a  pound  of  white  vwx,  one  quarter  of  an  ounce  oi 
camphor,  t;:c  ounces  of  alum,  ,nd  ten  rtncei  of  suet  or  mutton 
tallow?  Soak  the  wick,  in  U.ewater  and  ^tpetr^  and  when 
dry,  fix  f.-.sm  in  the  moulds  and  pour  in  the  melted  tallow. 
Let  tSm  r-main  one  night  to  cool;  then  wru*  th.m  a  little  to 
looser  them,    Draw  tUem  out,  and  when  h*rd,  puv,  t..am  in  »  cox 
in  s  dry,  cool  place. 

•ic  make  dinped  cancL.es,  cut  the  wicks  of  the  right  length, 
double  them  over  rods,  and  twist  tham.    They  snould  first  be 
dipped  in  Umewater  or  vinegar  and  dried.    Kelt  the  tallcw 
tnTk-ze  kettle,  filling  it  to  the  top  with  hot  water  when 
the  U 'low  is  meiteu.    Put  in  wax  and  powdered  al.m  to  harden 
them.    Keep  the  tallow  hot  ov      a  portable  furnace,  and  fill 
STthe  kettle  with  hot  water  a    fast  a.  the  tallow  is  used  up. 
Lay  two  long  strips  of  narrow  board,  on  which  to  hang  the  rods; 
S  go?  flat  pans  under  on  the  floor  to  catch  the  grease.  Take 
several  rods  at  once,  and  wet  the  wicks  in  the  tallow;  wh en 
cooj,  straighten  and  smooth  them,    inen  dip  them  fast_as 
Sey  cool  until  they  become  of  the  proper  sise.    Plunge  them 
obliquely,  not  perpendicularly  J  and  when  the  bottor    are  1*0 
u      H    r'f  .  i.L  it.  un*  p-— hu  a  par+  melts  off. 

Uv  ihem  remain  one  night  to  cool;  then  cut  off -the  bottoms  ; 
a?d  keep  them  in  n  cool,  dry  place.    Cheap  lights  are  made 
by  dippiog  rushes  in  tallow  * 
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CERAMICS 


Ceramics,  a  term  applied  to  ail  useful  or  ornamental  clay 
objects  that  are  baked.     Ceramics  includes  both  pottery  and 
porcelain.     Any  clay  object  fashioned  from  earth  arid  hardened 
by  bak^:-,  either  in_  the_  siiri  or  _ty  .firings  is  considered  pottery. 
Tornvia^a  is  one  particular  kind  ;>f  pottery •  Translucent, 
vlueous,  and  basically  white,  true  porcelain  is  formed  from 
♦specific  types  of  ;  Z*y,  rock,  and  quartz  or  quartz  substitutes. 

The  making  r  :ery  is  an  ancient  art,  antedating,  in 

most  cultures,  *       k,.^.  edge  of  metals  or  even  of  textiles. 
Porcelain,  hov^  is      much  later  development,  first  appearing 

in  China  as  la  :  Lr  A . D    600,  and  in  Europe .   in  the  eighteenth 
cenirUA*y. 


TECHNIQUES 

Material >     City  is  the  basic  material  in  the  making  of 
ceramics.     When  it  is  firat  dug  from  the  earth,  the  clay  is 
mixed  with  sand,  small  stones,  decayed  vegetable  matter,  arid 
other  foreign  material,  ail  of  which  has  to  be  removed  before  the 
clay  can  be  used.     This  is  accomplished  today,        it  was  in 
ancient  times,  by  mixing  water  with  the  clay  and  letting 'the 
mature  stand  in  a?lai*ge  basir  impurities  fall  to  the 

bottom,  and  the  upper  layer       clFy  and  wateiP  is  pumped  or  bailed 
into  an  adjoining  Iba6in.     The  process  is  then  repeated,  sometimes 
several  times,  each  succeeding  settling  purifying  the  clay  3till 
further  until  the  desirod  quality  is  achieved. 

Ths  dfflup  clay  is  Stored  indoors  until  needed*    Storage  <i£  t»w  clay  for 
severa*  stcw*-=s  actually  improves  its  working  qualities.    it  allows  the  clay 
to  lake  i  ,fSfcwM  so  thv    aiiheugh  remaining  malleable^  tfie  ci^  Witt  hold  its 
shape  wh    $  it  is  be;     aoided.    Th«S  fresh cliy  is  often  mix^  With  old  cigy 
from  a  x<r"'  -      sixea  , .^sh;    this  increases  bacterial  action  and  also  seems 
to  imprc^  -"he  quality  of  tho  material. 

A  piece  molddd^  in  c'aj     ndergoes  a  certain  amount  of  shrinkage -, 
both  while  it  is  qrying  anc  during  thefiring  process*     To  insure 
uniform  drying  and  to  minimize  shrinkage,  coarsely  ground  bits  of 
fired  te^ra  cottaj  usually  broken  pottery  known  as    grog, "  are 
add  d  to  the  clay |     The  grog  also  increases  the  stiffness  of  the 
clay,  thus  -educing  its  tender  to  slump  while  being  modeled. 

f burning  gjie  ]fot ,     Freehand  technique*     The  earliest  technique 
for  making  pottery,  invented  about  5, 000  B^C^ _ at  the  beginning 
of  the  ft?jiitMc  period,   *>e»3  the  freehand  forming  of  a  vessel 
from  a  Vur;p  of  clary.     This  was  accomplished        pushing  and 
pinchine  she  cl;oiy  ;until  the  desired  shape was  achieved  -JE&cmples_ 
of  this  early  r/c.  „  have  been  found  in  Jordan*  Ivan,  ar>^  Iraq*  Thi^ 
technique  is  still  usee1  tt/dcy  by  some  pottera. 
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noil  Techniaue.     A  later  development  was  the  coll  technique, 
ai«f»£  £h?5ot  was  built  up  from  a  number  of  strands  of  clay, 
f  thick  iSfS  was  coaled  around  a  flat,  hand- formed  clay  base 
and  then" Dinched  and  smoothed  to  for*  a  good  joint.  Additional 
!Sr*ndI  were  added  until  the,  pot  reached  the  desired  height  and 
shape      tHs^s?  in  the  building  and  smoothing  operation,  a 
rounded  Kone  was  sometimes  held  inside  the  wall  of  the  pot 
While  the  outside  surface  was  beaten  with  a  paddle.  This 
?echniquS  produoeO'  very  fine  pottery  with  walls  of  uniform 
thickness      The  coiled  pottery  method  has  been  compared  to  the 
technique 'ofblsket  weaving  In  ^icyasje^s  are  wb  ven  with 
long  ropes  of  fiber,  and  it  may  be  that  the  coiled  pottery 
technique  derived  from  basket  making. 

A  refinement  of  the- coil  technique  involved  forming  the 
net  on  a  small  piece .of  rush  matting  or  a  curved  potsherd  (a 
fragment  of  a  broken  pot).     The  mat  or  potsherd  acted  as  a 
basTduring  tJ  buUding  of  the  pot  and  as  a  convenient  pivot 

Jhatthf  vessel  vould  be  readily  rotated  between  the  hands, of 
?he  o5-ter     Tnls  manua?  rotation  gave  the  potter  an  opportunity 
to  co^nuallf  smooth  the  pot  and  adjust  its  symmetry  a^ ^he 
built  it.     Som?  primitive  groups,  such  as  the  Americ an  JndV  »s^ 
never  progressed  beyond  this  technique,  a^d  all  or  their  popery 
was  produted  by  this  method.     The  coil  method  continued  e 
em?l?yed  in  the  construction  of  very  large  storage  iJars  ev  •, 
after  the  invention  of  the  potter's  wheel. 

The  Potter's  Wheel,     The  invention  of  the  potter »s  v  ,el 
occurred  near  the  md  of  the  fourth  millennium  B.C.     Its  ae 
was  Sof  immediate  1.  widespread,  some  areas  having  «oopteg  it  f.r 
:!„H  nr  othpra      O^e  of  the  first  areas  to  use  th-  whe.  was 
lumir    in  ancient  Babylonia;  about  3250  B.C.     In  Egypt  it  was 
S        SJivir  latter  Part  of  the  Second  Dynasty,  aoout 

2800  gcT&V^  y?  wnee?   ,ade  pottery  wa«  found  at  the  Troy 
j Id  level p  about  2*  I  *  C 

The  ancient  pbutc  -  '  ^.wteai  was  a  heavy,  sturdily  buUVdlr^ 
r.f  wood  or  *«rra  cbtta.     On  the  underside  o£  the  disk  was  a 
locket  which  fitted  over  a  low  fixed  pivot.'  The  entire  whee  was 
balanced  to ;  wS "rue  without  wobble  or  vibration.    It  was  c us tomarj 
pfactice  in  Greece  to  have  a  boy,  presumably  sn  apprentice,  turn 
-he  whell  by "tend;  adjusting  the  speed  at  the  .ccamand  of  the 
cotter      The  lar-je  size  weight  of  the  wheat  provided  ample 

P°;;e^'m  i-!.  "r\;neel  was  put  in  motion.     Having  an  assistant 
^FthTiiSS  5r*5Sl=t.uwii&  aiiSwed  the  potter  to  use  both 
rinds  in  foiling  the  vas*  ana  to  devote  his  entire  attention 
In  it      The^ck-whlel,  or  foot-operated  wheel,  apparently  was 
not  used^ntil mS  time,;     In  the  seventeenth  century  the  wheel 
Sis  spun  by  means  of  a  cord  working  over  a  pulley,  ai.d  in  the 
n?ne?eenth  century  a  steam-driven  wheel  was  introduced, 

The  process  of  making  a  pot  on  a  wheel  starts  with  "edging 
the  clay  to  remove  air  bubbles,  to  make  it  homoge g*f  *  ■gg1*°  get 
it  to  the  proper  working  consistency.     A  ball  of  clay  is  then 


362  ,37§ 

ERIC 


centered  on  the  rotating  wheel  and  firmly  held  in  cupped  hands 
until  it  runs  true  without  wobbling..  Pressure  of  the  thumb  in  the 
center  of  the  ball  of  clay  forms  a  thick-walled  ring  which  is 
slowly  pulled  upward  between  :he  thumb  ad  fingers,  creating  a 
cylinder.'    The  Cylinder  can  then  be  ©per    '  into  a  bowl  shape, 
draw  up  as  a  long  tube,  flattened  into  a  piate,  or  closed  to 
form  a  sphere,  at  the  pleasure  of  the  potter.     This  concludes  the 
"throwing "  operation,  and  the  vase  is  set  aside  to  harden.  The 
following  day,  when  the  clay  has  dried  leather-hard,  the  pot  is 
centered  upside  down  on  the  wheel.     As  the  wheel  rotates,  metal, 
bone,  or  wooden  tools  are  used  to  "tumt"  or  refine,  the  shape  by 
shaving  off  unwanted  clay.     The  modeling  of  the  pot  is  now 
finished  and  the  pot  is  ready  for  decorating  and  firing.     I The 
foot  or  other  sections  of  the  pot  may  be  thrown  and  turned 
separately  and  then  Joined  to  the  body  of  the  pot  with  clay  slip- 
liquid  clay  used  by  the  potter  as  a  cement . )  ^ 

;     Casting.     Casting  is  a  technique  used  in  making  a  ser'.es  of 
identical  pieces  of  pottery.     First,  a  plaster  mold  ts  ;  ^  ^om 
the  pi-ce  to  be  reproduced .     A  liquid  clay  slip,  .<     led  :<  opting 
slip,  is  then  poured  into  the  mold.     It  is  all  owe*      -  re:  a  i: 
there  until  the 'plaster  absorbs  the  moisture  of  x        lay  slip 
near  the  surface  of  the  mold,  causing  this  layer  to  solidify. 
This  takrs  about  an  hour.     The  mold  is  then  inverted,  and  the 
remain inc  slip  is  poured  out.     After  the  thin-walled  clay  caching 
has  hardened  slightly,  the  mold  is  carefully  opened  and  the 
casting  removed.     The  hollow  clay  casting  is  retouched  and  finished 
by  hand  and  subsequently  fired . 

In  ancient  times,  the  soft,  pliable  clay  was  pressed  into  the 
rno-d  by  hand .     It  was  not  poured,  as  it  Is  In  casting.  The- 
manufacturing  procedure  befedn  with  the  forming  cf  the  original 
nodel      The  patrix,  or  master  model,  was  uiade  from  clay  by  a 
sculptor    keeoing  in  mind  the  ultimate  use  of  the, vase  and  the 
intermediate  Manufacturing  steps.     In  most  oT  these  so-called 
plastic  vases,  the  ^Id-made  section  was  Joined  to  a  part,  usually 
the  mouth,   formed  on  the  potter's  wheel.     Therefore,  the  patrix 
was  made  for  only  the  molded  section.  • 

Firing.     The  technique  of  treating  dried  clay  with  heat  to 
change  -it  from!  a  soft,  fragile  substance  to  a  hard,  vitreous 
material  was  discovered  by  man  about  5000  B.C.     The  discovery  was 
undoubtedly  accidental,  possibly  as  a  result  of  building  a 
campfire  over  a  deposit  _3f  clay .     When  the'  fire turned,  lt?f^  out 
it  was  undoubtedly  noticed  that . the  clay  underneath  had  become 
extremely  hard-.     The  inventive  first  potter  must  have  repeated 
the  phenomenon,  by  shaping  something  from  the  scft  clay  and  niacin 

When  this  piece  emerged,  from  the  firing  intact 
permanent  form,  an  industry  was  born. 

Primitive;  methods.     The  early  potters  did'  not  use  *  kiln; 
they  arranged  their  dried  clay  vessels  in  a  smal1  pile  and  then 
covered  them  with  whatever  fuel  was  available,  such  as  vopa, 
charcoal,  twigs,  straw,  or  dried  dung.     Primitive  group*  in,  Africa 


it  in  the  fire 
and  in  a  hard, 
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and  In  both  North  and  South  America  have  continued  this  particular 
practice  to  the  present  day.     Sihee  the  temperature  is  hb:t  uniform 
in  a  mound  of  pots  and  some  of . them _do  hot. reach  the  propec 
tenpe: *<jcture  for  the  vitrification  of  the  clay^  this.  type,  of  _ firing 
produces  uiieven  results  and  ^aj.ses .  thp  loss  of  a  substantial, 
number  of  pots  by _ breakage .     When  the  unvitrif led  pots  are  filled 
with  water- they  dissolve  and  revert  back  to  soft  clay.     The.  color 
of  Jhis  pottery  is  also i  rafcher  iinpredictableA  as  some  areas  of 
the  fire  are.  oxidizing  in  character  and  others  are  reducing. 
There f ore A  some  of  the  pottery  is  a  brownish- red  in  color  and 
som^  is  grayish  or  black. 

The  Kiln.     A  kiln  Is  a  specially  built  chamber  for  firing 
pottery  which  allows  the  plotter  more  control  over  the  process 
than  does  an  open  fire.     Usually  the  ,area  for  burning  the  fur] 
Is  separate  from  the  area,  in  which  the  pots  are  placed  .     Op-*?  '  ngs 
are  provided  for  tending  the  fire,  for  the  placement  and  removal 
of  the  ware,  for  observation  of  the]  firing,  and  for  control  of 
the  flow  of  air  through  the  kiln. 

'Procedure.     Most  pottery  Is  fired  twice.     The  first  firing, 
done  after  the  pot  is  formed,  hardens  the  clay,  producing  what  is 
known  as   "biscuit  "j_  the  second  firing,  done  after  the  pot  is 
glaz^,  fixes  the  glaze. 

In  the  first  stage  of  firing,  the  moisture  in  the  clay  13 
slowly  removed.     The  firing  is  done  slowly,  to  avoid  cracking  the 
ware.     When  whe  temperature  reaches  1112^. ,  the  clay  is  completely 
dehydrated.     The  clay  is  now  red  throughout  and  is  brittle, 
porcus,  and  absorbent.     In  the  second  firing,  ^fter  glaring,  the 
tempe-ature  reaches  lll?-l652^.     If  the  sir  ls|freely  admitted 
to  -the  kiln  during  this  process',  the  clay  is  thun  oxidised  and 
all  carbonaceous  matter        removed.     If  the  air  is  excluded  from 
the  kiln,  the  ?lay  will  -be  black  and  is  said  to  be  "reduced . M 

Decoration .     There  are  three  basio  types  of  decoration : 
underglaze ,  ihglaze ,  and  overglaze .       lazes  are  smooth,  glassy 
x  coatings  made,  of  mixtures  of  rriiherr     -  such  as  lead,   flint,  borax, 
feldspar,  or  lime. 

Uhdorglaze .     As  the  term     iplies^  underglaze  decorations  are 
applied  beforetht  ware  Is  covered  with  a  transparent  glaze. 
Colors  are  produced  by  the  use  of  colored  oxides  of  elements  such 
as  cobalt,  nickel,  chrome,  manganese,  and  iron.     The  coloring 
oxides  are  ■mixed  with  materials  which  will,  fuse  during  subsequent 
heat  treatment,  thus  adhering  to  the  ware .     Decoration  is  applied 
by  hand,  painting,  application  of  decalcommania,  silk- screening, 
or  spraying  through  other  types  of  stencils.     One  method  of 
decoration,  called  .sgraffito,  entails  painting  the  entire  pi&ce 
with  a.  clay  slip  of  a  different  color  than  the_  original  and  then 

scratching  the  desired  design  through  ;the  coating.  Underglaze 

decoration  , is  extremely  durable,  being  protected  from  wear  and 
chemical  attack  by  the  covering.,  glaze . 

;  / 
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jriglaze.     Ihglazed  decoration  is  merely  the  application  of 
a  solid^colbred  glaze  to  a  piece;     This  method  -is  very  widely 
used.     It  id  quite  difficult  to  produce  sharpimages  of  any 
design  within  the  glaze  itself,  beeause  of  the  melt ing _process 
and  the  diffusion  which  take  place  upon  firing  the  glaze. 
However,  a  number  of  pleasing  effects  are  produced  by  application 
of  different  colored  glazes  which  flow  together  partially  during 
the  heat  treatment. 

Overglaze .     In  overglazing  both  colored-oxide  media  and 
materials  which  actually  form  deposits  of  a  metal  are  applied 
over  the  glaze.     Since  overglazes  are  fired  at  relatively  low 
temperatures   ( 130Cf- l60CfF.  ) ,   a  great  many  coloring  materials  which 
would  not  be  stable  at  the  higher  temperatures  needed   for  the 
firing  of  underglazes  can  be  used.     Thus,  overglaze  decorations 
allow  the  use  of  the  greatest  palette  of  colors  in  ceramic  work. 
Metallic  decorations  consist  of  either  a  metal  salt  or  very 
firir-iy  divided  metal  particles  suspended  in  a  medium  which  produces 
a  consistency  suitable  for  painting  or  silk-screening  onto  the. 
ware.     During  firing,   the  medium  volatilizes,   leaving  the  metal 
behind.     If  the  coating  is  sufficiently  thin  the  metal  does  not 
appear  metallic  but  rather  produces  a  mother-of-pearl  type  of 
luster.     The  color  of  this  luster  can  be  varied  by  the  use  of 
different  r.etals.      If  the  decorating  medium  is  compounded  to 
leave  a  somewhat  thicker  coating,  the. result  will  be  a  shiny 
metallic  coating;   gold,   silver,   and  platinum  are  the  metals  normally 
used   ^or  this.     The  media  containing  powdered  metal  particles  are 
usually  applied  quite  thickly  by  silk-screening  and  thus  produce 
the  rno^t  durable  metallic  decoration.     These  materials  are  dull 
rather  than  shiny  after  firing  and  must  be  burnished. 

CHARCOAL 


Charcoal  is  the  black  porous  brittle  material  consisting  _ 
mainly  of  carbon  that  remains  after  burning  vegetable  and  animal, 
matter  with  limited  access  of  air.     The  term  is  popularly  applied 
to  the  material  thus  obtained  from  wood;   this  was  earlier  known 
as  coal  simply,  until  mineral  coal   (q.v.)  came  into  use..    When  the 
production  of  charcoal  as  such  for  domestic  cooking  arid,  heating 
and  for  metallurgical  purposes  originally  begatais  Unknown,  but 
the  smelting  of  metals  from  their  ores  was  practised  before 
h,000  B.C.  and  charcoal  was  the  only  known  fuel  \apable  of 
producing  the  high  temperatures  necessary.  \ 

.Wood  consists  essentially  of  carbon,   hydrogen  and  oxygen,  but 
the  latter  two  elements  are  present  in  the  same  proportions  as  in 
water.     During  the  combustion_of  wood  only  the  carbon  contributes 
towards, the  heat  released,  and  a  proportion  of  this  becomes  used 
in  evaporating  the  moisture  in  the  wood,   of  which  even  seasoned  . 
timber  contains  15-20^.     If  wood  is  first  converted _ into  charcoal 
this  burns  with  intense  heat,  without  any  visible  fldme  and  has 
about  twice  the  heating  power  of  the. same  weight  of- wood.  These 

properties  and  the  high  chemical  activity  of  charcoal  compared  

with  most  other  forms  of  carbon  (cf .  diamond'  as  the  other  extreme) 
are  responsible  for  its  economic  importance. 
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Throughout  the  middle  ages  the  increasing  demands  for  fuel 
for  metai-smeit ing  and  glass-making  led  to  the  concentration  of 
these  trid'ustries  in  the  European  forest  lands,   some  of  which 
became  relatively  densely  populated.     Much  of  the-  deforestation  of 
Europe  during  this  period  can  be.  attributed  to  charcbal-burriirig. . 
In  spite  of.  legal  restrictions  the  process  continued:     in  England, 
the  Sussex  Weald  arid  the .Midland  forests  Were  cutj  yet  towards,  the 
end  of  the  l6th  century  Archbishop.  Griridal  could  complain  of  the 
smoke  caused  by  charcoal-burners  at  Croydon,   so. that  timber  must 
still  have  been  available  there.     By  the  beginning  of  the  20th 
century  95$  of  the  forests  which  once  covered  Great  Britain  had 
been  felled  and  in  parts  of  western  Europe  thef  proportion  was 
nearly  as  high.     The  evolution  during  the  l8th  century  of 
metal lurgical  processes  using  coke  prevented  complete  denudation 
of  the  European  forests.     Charcoal  is  now  little  used  for  iron- 
smelting  except  in  remote  ore-fields  without  local  coal  supplies 
(e.g.   Zapla,   in  Argentina),   but  metallurgical  operations  requiring 
a  carbonaceous  material  of  low  ash  content,  especially  sulphur 
and  phosphorus,   still  consume  large  quantities. 

  Preparation . --Wood  charcoal  was  formerly  produced  by'  slow 

partial  combustion  of  wood  in  circular  stacks   (Ger .   Nfeiler,  hence 
'metier  charcoal1)  with  a  central  chimney.     When  this  process  is 
now  used  the  stacks  contain  about  200  cu.   ydA  of  material  and  two 
to  three  weeks  are  required  for  its  completion;  with  Skilled 
attention  the  yield  approaches  26<p  by  weight  of  the  wood  or  60% 
by  bulk.     To  avoid  the  loss  of  many  valuable  by-products  into  the 
atmosphere,   carboni zat ion  is  now  carried  out  in  kilns  or  retorts 
fitted  with  condensers .     The  former  are  of  either  beehive  or 
rectangular  shape ,  externally  fired  arid  may  contain  250-^00  cu. 
yd.  cf  wood.     The  temperature  is  raised  in  stages  first  to  about 
275°  C,  when  an  exothermic  reaction  occurs,   then  to  400  or  500°  C; 
the  process  normally  takes  up  to  three  weeks  but  can  be  shortened 
by  the  use  of  forced  draught.     The  main  liquid  product  is 
Stockholm  tar  or  creosote,   a  valuable  preservative  for  timber 
(see  Tar ■ . 

Better  yields  of  both  charcoal  and  distillates  are  obtained 
with  retorts;   the  process  was  introduced  into  England  in  1783 

when  an  improved  quality  of  charcoal  was  required  for  making  

gunpowder.     For  this  purpose  light  woods  such  as  alder  or  willow 
are  best .     During  the  second  world  war  small  portable  kilns  w-,re 
designed  for  use  in  Britain  and  elsewhere^     Sporting  cartridge 
powder  often  contains  red  charcoal  or  charbon  roux,  prepared  by 
subjecting  wood  to  superheated  steam  at  two  atmospheres  pressure 
in  iron  cylinders. 

 Recently,   especially  in  the  United  States^   low  temperature s 

(200° rising  to  34ofc)  have  been  employed  for  the  distillation  of 
wood ;   this  arid  the  selection  of  woods  to  give  the  maximum  volume 

of  liquid  reduce  the  quantity  and  quality  of  charcoal ,  which  

becomes  a  by-product,  but  a  variety  of  spirits  and  oils  in  addition 
to  creosote  are  obtained .     Formerly  horizontal  iron  retorts  were 
used  but  in  modern  American  practice  the  process  is  continuous, 
wood  being  fed  in  at  the  top  of  the  retort  and  charcoal  withdrawn 
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at  the  base;     A  Swiss  process ,  also  continuous^ utilizes  furnace 
gases  for  direct  heating  of  the  wood..    In  Scandinavia  horizontal 
tube  ovens  and  large  vertical  iron  retorts  containing  500  cu; 
yd;  of  wood  are  employed. 

The  residue  of  charcoal  from  distillation  is  usually  20-35^ 
by  weight;   in  addition*  ib-Ub  gallons  of  turpentine \-,  up  to  120 
gallons  of  resin  oil  and  creosote;  and  smaller  amounts  of  acetic 
acid,  wood  spirit  (methyl  alcohol)  and  various  oils  are  obtained 
per  cord   (c .  4,000  lb.)  of  wood.     Inflammable  gas  and  pitch  are 
also  produced .    .  • 


"A  'charcoal'  or  char  can  be  prepared  by  carbonizing  peat  and 
various  commercial  processes  for  its  manufacture  have  been 
operated  but  none  has  proved  an  economic  success  in  the  long  run. 

Properties. --Wood  charcoal  retains  the  original  shape  and  cell 
structure  of  the  wood  from  which  it  is  made,  rings  when  struck  and 
has  a  bright  fracture;   it  is  tasteless  and  odourless.     Its  apparent 
density  ranges  from  0.1  gn/ml  if  made  from  soft  wood  to  0.5  if 
made  from  hard  wood.     Its  calorific  value  varies  from  12,000  to 
14,000  B. Th. U./lb .     Excluding  the  associated  mineral  matter  the 
composition  of  a  typical   'meiler  charcoal'        prepared  at  500° C 
corresponds  approximately  to  the  formula  CI6H60;    the  proportion  ot 
carbon  increases  with  higher  carbonization  temperatures.     In  the 
literature  the   'carbon'  content  of  a  charcoal  is  frequently 
referred  to  as  the  residue  after  re-carbonizing  to  a  high 
temperature;  this  ignores  the  carbon  present  in  volatile  matter 
driven  off  and  the  appreciable  hydrogen  and  oxygen  content  of  the 
residue.     The  non-combustible  portion,  usually  amounting  In  a 
coianercial  charcoal  to  l-5#  by  weight  on  the  dry  basis,  consists 
of  adventitious  matter  and  the  mineral  residues  from  plant  cells, 
the  latter  being  mainly  phosphates,  carbonates,  silicates, 
chlorides  and  sulphates  of  the  elements  Na,  K,  Mg,  Ca,   Fe,  and 
Mn.     Owing  to  its  capacity  for  absorbing  gases  and  vapours, 
charcoal  normally  contains  up  to  9%  of  moisture. 

One  of  the  principal  uses  of  wood  charcoal  to-day  is  for 
the  manufacture  of  carbon  disulphide.     Beech  or  birch  wood  yields 
the  best  charcoal  for  this  purpose  and  its  reactivity  is  highest 
when  the  carbonization  temperature  does  not  exceed  about  5oerc. 
In  countries  with  ample  timber  resources  but  dependent  on 
imported  petroleum  supplies  (e.g.   France  and  Australia)  charcoal 
haa  been  used  as  a  fuel  for  mobile  gas  generators.     The  low 
density  of  the  fuel  and  size  of  the  generator  have.,  however, 
tended  to  restrict  this  application. 

When  wood  charcoal,  especially  that  made  from  coconut  shell, 
is  kept  at  red  heat  for  many  hours,  with  only  limited  access  of 
air,   its  capacity  for  adsorption  (q.v.  )  Of  gases  is  greatly 
enhanced;   it  is  then  said  to  be  active. 
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TANNINE 


The  directions  for  fanning  need  nqt  be  meitiorizedy  but  they  must 
be  studied  carefully  until  thoroughly  understood  before  the  work  is 
begun.    All  supplies  and  equipment  should  be  oh  hand  and  all  plaits 
should  be  carefully  made  before  the  work  is  started.    It  may  be  neces- 
sary to  modify  the  directions,  especially  those  dealing  with  equipment 
or  tanning  conditions.    Success  in  modifying  them  depends  largely  upon 
the  individual. 

Tanning  operations  are  done  best  at  .a  uniformly  moderate  tem- 
perature ♦    A  cellar,  which  is  naturally. fairly  warm  in  winter  and  cool 
in  summer,  is  a  suitable  place.    A  supply  of  fresh  water  near  at  hand 
and  a  drain  are  convenient* 

All  the  operations  can  be  done  in  tight,  clean  wooden  barrels, 
preferably  oak,  having  a  capacity  of  from  1*0  to  60  gallons.    When  not 
in  use  the  barrels  should  be  kept  clean  and  full,  of  water.    Half  barrels 
and  wooden  or  fiber  buckets  are  useful  for  many  purposes.     Iron  containers 
should  never  be  used.    Tools  useful  in  tanning  are  shown  in  figure  1. 


TAIJHING  HIDES  AKD  SKIUS  FOR  LEATHEri 


The  kind  of  leather  which  can  be  made  from  a  hide  or  skin  depends 
largely  upon  the  weight  arid  size  of  the  hiue  or  skin.     In  the  tanning 
trade  distinctions  in  hides  arid  skins  are  based  mainly  upon  the  size 
arid  age  of  the  animal  arid  upon  the  class  of  leather..  Hides  from  large 
arid  adult  animals  are  suitable  for  sole,  harness,  belting,  or  heavy 
leathers.    Skins  from  small  animals,  such  as  sheep ^  goats,  calves,  arid 
deer,  are  made  into  light  and  fancy  leathers*;  While  there  are  bt^er 
commercially  important  sources  of  hides  arid  skins,  the  most  important 
ones  are  the  usual  domesticated  farm  and  ranf  j  animals.    As  a  general 
rule,  thn  thickness  of  the  finished  leather  will  ,e  about  the  same 
as.  that  of  the  untanried  hidei    This  should  be  a  guide  in  selecting 
skins  for  different  kinds  of  leather^    The  first  essential  for  a  sat- 
isfactory yield  of  good  leather  is  a  sound,  clean  hide  or  skin.  Skinning 
should _be  done  properly, i without  cutting  or  scoring  the  hide,  arid  at_ 
the  same  time  all  of  the  fat  and  flesh  should  be  removed;,  for^  if  left 
on^  they  increase  the  tendency  of  the  hide  to  rot  or  spoil.    Farmers 1 
Bulletin  1055,  Country  Hides  and  Skins:  Skinning,  Curing,  and  Marketing, 
should  be  studied  in  this  connections 
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C  Figure  1. — Tools  for  tanning 


(A)  Tanner's  flesning  knife,  having  a  blade  15  to  17  inches  long: 
(a)  Dull  edge  for  scraping  off  the  hair  after  liming;  (b)  very  sharp 
edge  for  shaving  off  the  flesh. 

(B)  Eight-inch  blade  drawing  knife,  which  may  be  used  instead  of  A, 
especially  if  both  handles  are  bent  straight.  The  back  edge  may  be  used 
for  unhairing  and  the  cutting  edge  for  shaving  off  the  flesh. 

£C)  Twelve-inch-blade  butcher  knife,  which  may  be  used  instead  Of 
A  or  B  when  the  point  has  been  driven  into  a  wooden  handle  or  wrapped 
with  leather. 

(D)  Metal  slicker— a  dull  steel  blade  about  5  inches  square, 
1/32  to  1/16  inch  thick,  mounted  in  a  wooden  handle. 

(E)  Wooden  slicker,  made  of  hardwood,  about  6  inches  square,  if 
inches  thick  at  head,  shaved  down  in  the  shape  of  a  wedge  to  a  thin 
edge . 

(F)  Stake  for  breaking  up  and  softening  skins  and  leather.  A 
board  about  3  feet  long,  6  inches  wide,  and  1  inch  thick  is  braced  in 
uprieht  position  to  a  heavy  base  or  to  the  floor.    The  top  of  the 
board  is  rounded  and  thinned  in  the  Shape  Of  a  wedge  to  an  edge  about 
1/8  inch  thick i 

Preparation  of  the  hide  or  skin  for  tanning  may  be  begun  as  soon 
as  it  has  been  taken  off  the  animal,  drained,  and  cooled  from  the  body 
heat.    Overnight  will  be  long  enough.    If  tanning  is  not  to  be  started 
at  once  or  if  there  are  more  hides  than  can  be  handled  at  one  time,  the 
hides  my  be  thoroughly  salted,  using  about  1  pound  of  clean  salt  for 
each  pound  of  hide.    They  then  may  be  kept  for  from  3  to  5  months.  The 
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hides  must  never  be  allowed  to  freeze  or  heat  during  storage  or 
tanning;     Some  tanners  state  that  salting  before  tanning  is  helpfuli 
it  can  do  no  harm  to  salt  a  hide  for  a  few  d^ys  before  it  is  prepared 
for  tanning; 

the  directions  here  given  have  been  prepared  for  o  single  heavy 
r:ow,  steer,  or  bull  hide  weighing  from  ho  to  76  pounds  or  for  an  equiv- 
alent weight  in  smaller  skins,  such  as  calf  or  kip  skins.     The  heavy 
hides  are  best  suited  for  sole,  harness,  or  belting  leather.  Lighter 
hides  weighing  from  20  to  UO  pounds  should  be  used  for  lace  leather, 

PRELLiL'MRY  OPlKATIONS 


Before  it  is  tanned  a  hide  or  skin  must  be  out  through  the 
following  preliminary  operations,  which  are  the  same  for  all  the 
leather-making  processes  given  in  this  bulletin.    As  soon  as  the  skin 
has  been  put  through  these  processes,  start  the  tanning,  following  the 
directions  given  for  the  particular  kind  of  leather  desired. 


Soaking  and  Cleaning 


If  the  hide  has  been  salted,  shake  it  vigorously  to  remove  most 
of  the  salt.    Spread  it  but,  hair  side  down,  and  trim  off  the  tail, 
head,  all  ragged  edges,  and  shanks* 

Place  the  hide,  hair  side  up,  lengthwise,  over  a  smooth  log  or 
board,  and  with  a  sharp  knife  split  it  from  neck  to  tail,  straight, 
down  the  backbone  line,  into  two  half  hides,  or  "sides."    It  will  be 
more  convenient  in  the  later  handling,  especially  when  the  hide  is 
large,  to  then  spilt  each  side  lengthwise  through  the  "breaks 11  just 
above  the  flanks^  into  two  strips,  making  the  strip  with  the  backbone 

edge  about  twice  aa  wide  as  the  beiiy  strips  Thus  a  whole  hide  will 

give  two  sides  or  four  strips •  Small  skins  need  not  be  split.  In  these 
directions  "side  "  means  side,  strip,  or  skin,  as  the  case  may  bei 

Fill  a  5>0-gallqn  barrel  with  clean,  cool  watery    Place~the  sides, 
flesh  side  out,  oveif  short  sticks  and  hang  them  in  the  barrel  of  water. 
The  sticks  must  be  short  enough  to  fit  crosswise,  in  the  barrel  and 
should  have  a  cord  or  small  rope,  a  foot  or  so  long,  attached  to  each 
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end?    The  cords  or  ropes  are  fastened  to  hails  bri  the  outside  of  the 
barrel  after  adjusting  them_sb  the  sides  are  completely  covered  by- 
water.,    Let  the  sides  soak  for  2  or  3  hours..   Stir  them  about  fre- 
quently to  soften j  loosen,  arid  wash  but  the  blood,  dirt^  manure,  and 
salt. 

After  they  have  soaked  for  about  5  hours  take  out  the  sides,  one 
at  a  time,  and  place  themj  hair  side  'up,  over  a  "beam."    A  ready-made 
beam  can  be  bought.    A  fairly  satisfactory  one  may  be  made  from  a  very 
smooth  slab,  log,  or  thick  planed   board,  from  1  to  2  feet  wide  and 
6  to  8  feet  long*    The  slab  or  log  is  inclined,  with  one  end  resting 
bri  the  ground  and  the  other  extending  over  a  box  or  trestle  so  as  to 
be  about  waist  high,    tfith  the  side  lying  hair  side  up  over  the  beam 
scrub  off  all  dirt  and  manure,  using  if  necessary  a  stiff  brush.  Wash 
off  with  several  bucketfuls  of  clean  water. 

 Turn  the  side  over,  flesh  side  up,  and  scrape  or  cut  off  any  re- 
maining flesh.    Work  over  the  entire  flesh  side  with  the  back  edge  of 
a  drawing  or  butcher  knife  held  firmly  against  the  hide,  pushing  away 
from  the  body.    Wash  off  with  one  or  two  bucketfuls  of  clean  water* 
This  working  over  should  always  be  done. 

Refill  the  soak  barrel  with  clean,  cool  water  and  hang  the  sides 
in  it  as  before.    Pull  them  up  arid  stir  them  about  frequently  until  they 
are  soft  and  flexible.     Usually  a  green  or  fresh  hide  needs  to  be  soaked 
for  not  more  than  from  12  to  2h  hours  and  a  green  salted  hide  for  not 
more  than  from  2 It  to  U8  hours* 

When  the  sides  are  properly  softened — that  ±sj  when  they  are  about 
like  a  fresh. hide  or  skin — throw  them  over  the  beam  arid  thoroughly 
scrape  off  all  remaining  flesh  and  fat. 

The  side  must  be  soft,  pliable,  and  clean  ail  over  before  being 
put  into  the  lime,  which  is  the  next  step. 


Liming 

Wash  out  the  soak  barrel,  put  A-tP  from  9  to  11  pounds  of  hydrated 
iiine  (use  lime  from  a  fr^sh  bag^  not  oldj  air-slaked  lime)  arid  ij! or  5 
gallons  of  water*    Stir  with  a  paddle  until  the  lime  is  thoroughly 
mixed  with  the  watery  the:-  nearly  fill  trie  barrel  with  clean,  cool  » 
water  and  again  st^r  thoroughly.  Again _ place  the  sides^  hr±r  side 
out,  over  the  short: sticks  and  hang  them  in  the  barrel  so  that  they  are 
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completely  covered  by  the  limewater.    See  that  the  sides  have  as  few 
folds  or  Wrinkles  as  possible,  and  also  be  sure  that  no  air  is  trapped 
under  them.    Keep  t:ie  barrel  covered  with  boards  or  bags;  *J±±_JP 
the  sides  and  stir  the  limewater  three  or  four  times  each  day  until 
the  hair  will  come  off  easily.    This  takes  from  6  to  10  days  in  summer 
and  possibly  as  many  as  16  days  in  winter. 

When  thoroughly  limed,  the  hair  can  be  rubbed  off  readily  with  the 
hand     Early  in  the  lining  process  it  will  be  possible  to  pull  out  the 

buT^he  hide  must  be  left  in  the  limewater  until  the  hair  comes 
off  by  rubbing  over  with  the  hand.    For  harness  and  oelting  leathers 
leave  the  hide  in  the  limewater  for  from  3  to  $  days  after  this  con- 
dition  has  been  reached. 


Unhairing 


After  the  side  has  been  limed,  throw  it  hair  side  up,  over  the 
beam  td  with  the  back  edge  of  a  drawing  or  butcher  toife  held  nearly 
flat  against  the  side  push  off  the  hair  from  all  parts.     If  the  side 
is  sufficiently  lined,  a  curdy  or  cheesy  layer  of  skin  rubs  off  with 
tfi.  nS!    If  this  layer  does  not  rub  off,  the  side  must  be  returned 
to  the'imewater.    Now  thoroughly  work  over  the  crain  or  hair  side 
with  a  dull-edged  tool  to  "scud"  or  work  out  as  much  lime, grease, 
and  cfcfcrtae  possible. 


Fleshir.g 


Turn  the  side  over  and  scud  it  again,  being  sure  to  remove  all 
fleshil  matter.    Shave  down  to  the  hide  itself,  but  be  careful  not  to 
cut  into  it    Remove  the  flesh  by  scraping  and  by  using  a  very  sharp 
knife,  with  a  motion  like  that  of  shaving  the  face. 

Now  nroceed  as  directed  under  Bark-Tanned  Sole  and  Harness 
Leather"  ehrome-Tanned  Leather,  or  Alum-Tanned  Lace  Leather,  depending 
upon  the  kind  of  leather  desired. 

Wastes  From  Liming 
The  lime,  limewater,  sludge,  and  fleshings  from  the  liming  process 
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may  be  used  as  fertilizer,  particularly, for  acid  soils.,  The  hair>  as 
it  is  scraped  from  the  hide,  may  be  collected  separately  arid  after  being 
rinsed  several  times  may  be  used  for  plastering.     If  desired^  it  can  be 
thoroughly  washed  with. many  changes  of  water  until  absolutely  clean  and 
after  being  dried  but  in  a  warm  place  used  for  padding^  upholstering^ 
insulation  of  pipes,  etc. 


BARK -TANNED  SOlE  AND  HA1LTSS  LEATHER 


Deliming 


After  the  sides  have  been^put  through  the  unhairing  and  fleshing 
operations,  rinse  then  with  clean  water.    Wash  the  sides  in  cool, 
clean  water  for  from  6  to  8  hours,  changing  the  water  frequently. 

_  _  Bxy  5  ounces  of _U.  S.  P.  (United  States  Pharmacopoeia)  lactic 
acid  (or  16  ounces  of  tannery  22  percent,  lactic  acid).     Nearly  fill  a 
clean  UO-  to  50-gallon  barrel  with  clean",  cool  water,  stir  in  the  lactic 
acid,  and  mix  the  water  and  acid  thoroughly  with  a  paddle  •     Hang  the 
sides  in  the  barrel  -nd  leave  them  there  for  2ij  hours,  pulling  them 
up  and  stirring  them  frequently • 

Take  out  the  sides,  work  over  or  scud  them  thoroughly,  as  directed 
under  Unhairing,  and  hang  them  in  n  barrel  of  cold  water.     Change  the 
water  several  times,  and  finally  leave  them  in  the  water  overnight. 

If  lactic  acid  cannot  be  obtained,  use  a  gallon  of  vinegar  instead. 


Tanning 


The  sides  are  now  ready  for  the  actual  tanning*    From  15  to  20 
days  before  this  stage  will  be  reached,  weigh  out  from  30  to  i£)  pounds 
of  good  quality,  finely  ground  oak  or  hemlock  bark  and  pour  onto  it 
about  20  gallons  of  boiling  water. 

Finely  ground  bark,  with  ho  particles  larger  than  a  grain oi 
corn,  will  give  the  best  results*    Simply  clipping  the  bark  into  coarse 
pieces  will  not  do*    3o  not  lat  tho  tm  liquor  come,  into  contact  with 
iton  vessels*    Use  the  purest  water  available.    Rain  watsr  is  best. 
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tet  this  bark  Infusion  stand  in  a  covered  vessel  until  ready  f qr 
use.    Stir  it  occasionally.,  When  ready  to  start  tanning,  strain  off 
the  bark  liquor  through  a  clean,  coarse  sack  into  the  tanning  barrel. 
Fill  the  br  rel  about  three-quarters  full  with. water,  rinsing  the  v 
bark  with  this  water  to  as  to  get  but  as  much  tannin  as  possible* 
Add  2  quarts  of  vinegar.    Stir  well.    Place  the  sides,  from  the  deiimingj 
over  sticks,  and  hang  them  in  this  bark  liquor  with  as  few  folds  and 
wri<ikles  as  possible.    Move  the  sides  about  arid  change  their  position 
often  in  order  to  get  an  even  color. 

Just  as  soon  as  the  sides  have  been  lung  in  the  bark  liquor,  again 
soak  from  30  to  I4O  pounds  of  ground  bark  in  about  20  gallons  of  hot 
water.    Let  this  second  bark  liquor  stand  until  the  sides,  have  become 
evenly  colored,  or  for  from  10  to  15  days*    Take  out  of  the  tanning 
barrel  %  gallons  of  liquor  and  pour  in  about  one-quarter  of  the  second 
bark  liquor.    Also  add  about  2 quarts  more  of  vinegar  and  stir.it  in 
well.    Five  days  later  take  out  a  second  5  gallons,  of  tanning  liquor 
from  the  barrel  and  add  another  f purth  of  the  tan  liquor  only  (rib 
vinegar).    Do  this  every  5  clays  until  the  second  bark  liquor  is  used 
up. 

The  progress  of  the  tanning  varies  somewhat  with  conditions  arid 
can  best  be  followed  by  inspecting  a  small  sii^r  cut  from  the  edge 
of  the  hide.    About  3$  days  after  the  actual  tanning  has  been  started 
a  fresh  cut  should  show  two  dark  or  brown  narrow  streaks  about  as 
wide  as  a  heavy  pencil  line  coming  in  from  each  surface  of  the  hide. 

At  this  stage  weigh  out  about  hG  pounds  of  fine  bark  and  just_  _ 
moisten  it_with  hot  water.    Do  not  add  more  water  than  the  bark  will 
soak  up.    Pull  the  sides  out  of  the  bark  liquor  and  dump  in  the 
moistened  bark,  keeping  in  the  barrel  as  much  of  the  old  tan  liquor 
as  possible..  Mix  thoroughly  and  while  mixing  hang  the  sides  back 
in  the  barrels  Actually  bury  them  in  the  'bark*    All  parts  of  the 
sides  must  be  kept^well  down  in  the  bark  mixture.    Leave  the  sides 
in  this  bark  for  about  6  weeks  and  move  them  about  once  in  a  while*  < 

At  the  end  of  -  6  weeks  pull  the  sides  out.    A  cutting  should  show 
that  the  tanning  has  spread  nearer  to  the  center*    Pour  out  about 
half  the  liquor.    Stir  the  bark  in  the  barrel,  hang  the  sides  back,  and 
fill  the  barrel  with  fresh,  finely  ground  bark.    Leavre  the  sides  in 
for  about" 2  months,  shaking  the  barrel  from  time  to  time  and  adding 
bark  and  water  as  needed  to  keep  the**  sides  cdi?>letely  covered^ 

At  the  end  of  this  time  the  hide  should  be  evenly  colored  aii 
the  way  through,  without  any  white  or  raw  streak  in  the  center  of  a 
cut  edge.    If  it  is  not  struck  through,  it  must  be  left  longer  in  the 
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wet  bark^  and  more  bark  may  be  needed. 

For  harness,  strap, -  and  belting  leather  the_  sides  may  be -taken 
out  of  the  bark  liquor  at  this  stage,  but  for  sole  leather  they  must  be 
left  for  2  months  longer,  .  When  fully  tanned  through;  the  sides  are 
ready  for  oiling  and  finishing. 


Oiling  and  Finishing 

HARNESS  AND  3hJLTING  LEATHER. -  -Take  the  si*les  from  the  tan  liquor, 
rinse  them,  off  with  water,  and  scour  the  grain  or  hair  side  thoroughly 
with  plenty  of  warm  water  and  a  stiff  brush.    Then  go  over  the  sides 
with  a  "slicker",  pressing  the  slicker  firmly  against  the  leather 
while  pushing  it  away  from  the  body  and  work  "6ut  -as  much  water  as 
possible.     "Slick"  out  on  the  grain  or  hair  side  in  all  directions. 
For  harness,  belting,;  and  thp  like  this  scouring  and  slicking  mvst 
be  done  thoroughly."^ 

 A  slicker  can  be  made  from  a  piece  of  copper  or  brass  about  one- 
fourth  inch  thick,  6  inches  long,  and  k  inches  wide.    One  long  edge 
of  the  slicker  is  mounted  in  a  wooden  handle  and  the  other  long  edge 
is  finished  smooth  and  well  rounded.    A  piece  of  hardwood,  about  6 
inches  square,  1.  inches  thick  at  the  head,  and  shaved  down  wedge- 
shape  to  a  thin  edge  will  also  serve  as  a  slicker. 
_  —     «  .  . .  _ 
While  the  sides  are  still  damp,  but  not  very  wet,  go  over  the 
grain  or  hair  side  with  a  liberal  coating  of  neat's-foot  or  co^  oil,  *: 
Hang  up  the  sides  and  let  them  dry  out  slowly.    When  dry,  take  them' 
down  and  darr pen  well  by  dipping  in  water  or  by  rolling  them  up  in 
wet  sacking  or  burlap. 

I/hen  uniformly  damp  and  limber,  evenly  brush  or  mop  over  the 
grain  or  hair  side  a  thick  coating  of  warm  dubbin.    The  dubbin  is 
made  by  melting  together  about  equal  parts  of  cod  oil  and  tallow  or 
neat's-foct  oil  and  tallow.     This  dubbin  when  cool  must  be  -soTt  and 
pasty,  but  not  liquid.  - 

Hang  up  the  sides  again  and  leave  until  thoroughly  dry.  , 1  Then 
dry,  scrape  off  the  excess  tallow  by  working  over  with  the  slicker. 
If  more  grease  in  the  leather. is , desired , -dampen -ayain  and  anply 
another  coating  of  the  dubbin,  giving  a  light  application  to  the  flesh 
side  also.    When  again  dry,  remove  the  .tallow  and  thoroughly  work  over 
ail  parts  of  the  leather  with  the  slicker.    Rubbing  over  with  sawdust 
will  help  to  take  up  any  surface  oiliness.  ; 


If  it  is  desired  to  blacken  the  leather,  this  must  be  done  before 
rr-asinr.    A  black  dye  solution  can  be  made  by  dissolving  one-half 
ounce  of  water-soluble  nigrosinl  in  i,  pints  of  water,  «xth- the  addx- 
tion,  if  handy,  of  several  drops  of  ammonia.    Evenly  mop  or  brush  this 
solution  over  the  dampened  but  ungreased  leather  and  then  grease  as 
directed  in  the  preceding  paragraph. 

SOLE '  LB/ -iiffik.  --Take  the  sides  from  the  tan  liquor  and  rinse  them 
thoroughly  with  clean  water.    Slick  out  on  the  grain  or  hair  sice  as 
described  for  harness  leather.    Hang  them  up  until  they  are  only  damp 
and  then  apply  a  good  coating  of  neat's-foot  oil  or  coio^  to  he 
-rain  or  hair  side.    Again  Hang  then  up  until  they  are  thoroughly  dry. 

Mien  repairing  shoes  with  this  leather  it  is  advisable,  after 
cutting  out  the  piece  for  soling,  to  dampen  and  ham.er  it  down  well, 
and  then,  after  nutting  it  on  the  shoe,  to  make  it  waterproof  and  more 
serviceable  by  setting  the:  shoe  in  a  shallow  pan  of  melted  grease  or 
oil  and  letting  it  stand  for  about  15  minutes.    The  grease  or  oil  must 
be  no  hotter  than  the  hand  can  bear.    Rubber  heels  should  not  be  put 
in  oil  or  grease.    The  soles  of  shoes  with  rubber  heels  may  be  water- 
proofed in  the  sane  way,  using  a  piepan  for  the  oil  or  grease  and 
placing  the  heels  outside  the -pan.    Any  good  oil  or  grease  will  do. 
The  following  formulas  have  been  found  satisfactory: 


Formula  1: 

Neutral  wool  grease 
,    Dark  petrolatum 

Paraffin  wax 
Formula  2: 

Petrolatum 

Beeswax 
Formula  3  '• 

Petrolatum 

Paraffin  wax 

'.Jool  grease   - 

Crude  turpentine  gum  (gum  thus) 

Formula  H: 

Tallow  ' 
Cod  oil  : 
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For  many  purposes  chrome-tanned  leather  is  considered  to  be  as 
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good  as  the  more  generally  known  bark  or  vegetable-tanned  leather. 
The  chrome  process,  which  takes  only  a  few  weeks  as  against  as  niar^r 
months  for  the  bark- tanning  process,  derives  its  name  from  the  use  of 
chemicals  containing  chromium*    It  is  a  chemical  process  requiring 
great  care      It  is  felt,  however,  that  by  ^onowing  exactly  the  direc- 
tions here  given,  never  disregarding  details  which  may  seem  uhimpor- 
tant^  a  serviceable  leather  can  be  produced  in  a  comparatively  short 
time*    The  saving  in  time  seems  sufficient  to  justify  a  trial  of  this 
process. 


Deliming 

__♦   •  • 
After  the  sides  have  been  put  through  the  unhairing  and  fleshing 
operations  rinse  them  off  with  clear  water. 

If  sole,  belting,  or  harness  leather  is  to  be  tanned,  soak  and 
wash  the  sides  in  cool  water  for  about  6  hours  before  putting  then 
into  the  lactic  acidi    Change  the  water  four  or  five  times. 

 If  strap,  upper,  or  thin  leather  is  to  be  tanned,  put  the  limed 

white  sides  into  a  wooden  or  fiber  tub  of  clean,  lukewarm  {about  9t)o  p.) 
water  and  let  them  stay  there  for  from  h  to  8  hours  before  putting  than 
into  the  lactic  acid.    Stir  the  sides  about  occasionally.    Be  sure  that 
the  water  is  not  too  hot.    It  never  should  be  so  hot  that  it  is  uncom- 
fortably warm  to  the  hand. 

For  each  large  hide  or  skin  buy  5  ounces  of  U.  Si  P.  lactic  acid 
(or  16  ounces  of  tannery  22  percent  lactic  acid).    Nearly  fill  a  clean 
UO-  to  5b-gallon  barrel  with  clean,  cool  water,  and  stir  in  the  latic 
acid,  mixing  thoroughly  with  e.  paddle.    Hang    the  sides  in  the  barrel, 
and  leave  them  there  for  2k  hours,  plunging  them  up  and  down  occasionally. 

For  light  skins,*  weighing, less,  than  15  pounds,  use  only  2  ounces  of 
U.  S.  P.  lactic  acid  in  about  20  gallons  of  water* 

If  lactic  acid  cannot  be  obtained^  use  1  pint  of  vinegar  for  every 
ounce  of  lactic  acid.    An  effort  should  be  made  to  r;et  the  lactic  acid, 
however,  for  vinegar  will  hot  be  as  satisfactory,  especially  for  the 
medium  and  smaller  skins. 

After  deliming,  work  over  both  sides  of  the  side  as  directed  under 
Unhairing. 
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For  sole,  belting,  and  harness  leaders,  hang  the  sides  in  a  barrel 
of  cool  water  overnight.    Then  proceed  as  directed  undrr  Tanning. 


For  thin,  softer  leathers  from  small  skins,  do  not  soak  the  sides 
in  Jttr  overnight.    Simply  rinse  them  off  with  water  and  proceed  as 
directed  under  Tanning. 


Tanning 

The  tanning  solution  should  be  made  up  at  least  2  days  before  it 
is  to  be  used-thai  is,  not  later  than  when  the  sides  are  taken  from 
the  limewater  for  t  "  last  time. 

Remember  that  this  is  a  chemical  process  and  that  all  materials 
must  be  of  good  quality  and  accurately  weighed  and  the  specified 
quantities  of  water  carefully  measured. 

The  following  chemicals  are  required:    Chrome  alum  (chromium 
potassium  sulfate  cry stals ) j  soda  crystals  (crystallized  sodium  car- 
•oonltehand  co^on  salt  (sodirnn  chloride) .Insist upon  pure chemi- 
cals of  the  United  States  Pharmacopoeia  quality.    Get  them  from  the 
nearest  drugstore  or  find  out  from  it  the  address  of  a  chemical  manu- 
facturing concern. which  can  supply  thera.  * 

For  each  hide  or  skin  weighing  more  than  30  pounds  use  the  follow- 
ing quantities  for  the  stock  chrome  solution: 

Dissolve  3*  pounds  of  soda  crystals  (crystallized  sodium  carbonate) 
and  6  poSdTof  common  salt  (sodium  chloridejS  in  3  f^?£  °'  ^ 
clean  w-ter  in  a  wooden  or  fiber  bucket.    The  soda  crystals  must  be 
clear  or  gLsslike.    Bo  not  use  the  white  crusted  lu^s. 

At  the  same  time  dissolve  in  a  large  tub  or  ™*»f  ^g^f S 
of  chrome  alum  (chromium  potassium  sulfate _o-y?Ug)  la  9  need 

dSrfard:irglosIy,  |urple ^plum-colSed  crystals  of  chrome  alum, 
hot  the  lighter,  crumbly,,  dull-lavender  ones. 

When  the  chemicals  are  dissolved,  ^J^^^^^L 
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Take  at  least  10  minutes  to  pour  in  the  soda  solution.    This  should  give 
one  solution. of  about_ 12  gallons,  which  is  the  stock  chrome  solution; 
Keep  this  solution  well  covered  in  a  wooden  or  fiber  bucket,  tub;  or 
half  barrel. 

To  start  tanning,  pour  one- third  (U  gallons)  of  the  stock  chroue 
solution  into  a  clean  50-gallon  barrel  and  add  about  30  gallons  of 
clean,  cool  water;  that  is>  fill  the  barrel  about  two-thirds  full. 
Thoroughly  mix  the  solution  in  the  barrel  and  hang  in  it  the  sides 
from  the  deiimihg.    Work  the  sides  about  and  stir  the  solution  fre- 
quently, especially  during  the  first  2_or  3  days.    This  helps  to 
give  the  sides  an  even  color;    It  should  be  done  every  hour  or  so 
throughout  the  first  day;    Keep  the  sides  as  smooth  as  possible. 

After  3  days;  temporarily  remove  the  sides  from  the  barrel. 
Add  one-half  of  the  remaining  stock  chrome  solution,  thoroughly  mixing 
it  with  that  in  the  barrel;  and  again  hang  in  the  sides.    Hove  the 
sides  about  and  stir  frequently  as  before. 

After  the  sides  have  been  in  this  solution  for  3  or  U  days,  cut 
off  a " small  piece  of  the  thickest  part  of  the  aide>  usually  in  the 
neck,  and  examine  the  freshly  cut  edge  of  the  piece.    If  the  cut  edge 
seems  to  be  evenly  colored  greenish  or  bluish  all  the  way  through, 
the  tanning  is  about  f iniahedi^  Bbil^he  small  piece  in  water  f  or  a 
few  minutes  •    If  it  curls  up  and.  becomes  hard  or  rubbery ^  the  tanning 
is  not  completed  and  the  sides  must^be  left  in  the  tanning  solution 
for  a  few  days  longer,  or  until  a  small  piece  when  boiled  in  water 
is  changed  little  if  at  all. 

The  foregoing  quantities  and  directions  have  been  given  for  a 
medium  or  large  hide.    For  smaller  hides  and  skins  the  quantities  of 
chemicals  arid  water  can  be  reduced^    For  each  hide  or  skin  weighing 
less  than  30  pounds,  or  f  or  two  or  three  small  skins  together^  weighing 
not  more  than  30  pounds,  the  quantities  of  chemicals  may  be  cut  in 
half,  giving  the  following  solutions: 

For  the  soda-salt  solution,  dissolve  1  3/U  pounds  of  soda  crystals 
(crystallized,  sodium  carbonate)  and  3  pounds  of  common  salt  (sodium 
chloride)  in  lj  gallons  of  clean  water. 

For  the  chrome-alum  solution,  dissolve  6  pounds  of  chrcne  alum 
(chromium  potassium  sulfate  crystals)  in  it|  gallons  of  cool,  clean 
water. 
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When  the  chemicals  are  dissolved  pour  the  soda-salt  solution  slowly 
into  the  chrome-alum  solution  as  already  described*    This  will  give  one 
solution  of  about  6  gallons  which  is  the  stock  chrome  solution.    For  the 
lighter  skins  tan  with  this  solution,  exactly  as  directed  for  medium 
and  large  hides,  adding  one-third,  that  is,  2  gallons of  this  stock 
chrome  solution  each  time,  and  begin  to  tan  ^n  about  15  gallons  instead 
of  30  gallons  of  water;    Follow  the  directions  already  given  as  to  stirring, 
number  of  days,  and  testing  to  determine  when  tanning  is  completed. 
Very  small,  thin  skins  probably  will  not  take  as  long  to  tan  as  will L the 
large  hides.    The  boiling-water  test  is  very  reliable  for  showing  when 
the  hide  is  tanned. 


When  the  sides  are  tanned,  take  them  out  of  the  tanning  solution 
and  put  them  in  a  barrel  of  clean  water;,    The  barrel  in  which  the 
tanning  was  done  can  be  used  after  it  has  been  thoroughly  washed. 

When  emptying  the  tanning  barrel  be  sure  carefully  to  dispose 
of  the  tanning  solution.    Although  not  poisonous  to  the  touch,  it 
probably  would  be  fatal  to  farm  animals  should  they  drink  it,  and  it 
is  harmful  to  soil. 

Wash  the  sides  in  about  four  changes  of  water.    For  medium  and 
large  hides,  dissolve  2  pounds  of  borax  in  about  UP  gallons  of  clean 
water  and  soak  the  sides  in  this  solution  overnight.    For  hides  and 
skins  weighing  less  than  25  pounds,  use  1  pound  of  borax  in  about  20 
gallons  of  water.    Move  the  sides  about  in  the  borax  solution  as  often 
as  feasible .    After  soaking  overnight  in  the  borax  solution,  remove 
the  sides  and  wash  them  for  an  entire  day,  changing  the  water  five  or 
six  times.    Take  the  sides  out,  let  the  water  drain  off,  and  proceed 
as  directed  under  Dyeing  Black,  or,  if  it  is  not  desired  to  blacken 
the  leather,  proceed  as  directed  under  Oiling  and  Finishing* 


WATER-SOLUBLE  NIGROSINE. --One  of  the  simplest  and  best  means 
of  dyeing  leather  black  is  to  use  nigrosine.    Make  up  the  dye  solu- 
tion in  the  proportion  of  one -half  ounce  of  water-soluble  nigrosine 
dissolved  in  1^  pints  of  water.    Be  sure  to  get  watpr-sbluble  nigrosine • 


Washing  and  Neutralizing 


Dyeing  Black 


Evenly  mop  or  brush  this,  solution  over  the  damp  _leather_af ter  draining 
as  already  directed  and  then  proceed  as  directed  under  Oiling  arid 
Finishing. 

IRON  tiQUOS  AND  SUM/ p. — If  water-soluble  nigrpsine_  cannot  be 
obtained^  a  fairly  good  black  may  be  secured  with  iron  liquor  and 
sumac;    To  make  the  iron  liquor,  mix;  clean  iron  filings  or . turnings 
with  one-half  gallon  of  good  vinegar  and  let  the  .mixture  stand  for 
several  days.    See  that  there  are  always  some  undissolved  filings 
or  turnings  in  the  viregar.    For  a  medium  or  large  hide  put  from  10 
to  15  pounds  of  dried  crumbled  sumac  leaves  in  a  barrel  containing 
from  3$  to  U0  gallons  of  warm  water.    Stir  well  and  when  cool  hang 
in  it  the  wet,  chrome-tanned  sides.     If  you  cannot  get  sumac  leaves, 
use  20  or  30  pounds  of  finely  chopped  oak  or  hemlock  bark  but  pour 
hot  water  on  the  bark  and  let  stand  a  couple  of  days  before  use. 
Leave  the  sides  in  this  solution  for  about  2  days,  pulling  them  up 
and  mixing  the  solution  frequently.    Take  out  the  sides,  rinse  off 
all  bits  of  sumac,  and  evenly  mop  or  brush  over  with  the  iron  liquor. 
Rinse  off  the  excess  of  iron  liquor  and  put  the  sides  back  in  the  sumac 
overnight.     If  not  black  enough  the, next  morning,  mop  over  again  with 
iron  liquor,  rinse,  and  return  to  the  sumac  solution  for  a  day*  Take 
the  sides  out  of  the  sumac,  rinse  well,  and  scrub  thoroughly  with  warm 
water.    Finally  wash  the  sides  for  a  few  hours  in  several  changes  of 
water • 

While  both  of  these  formulas  of  dyeing  have  been  given,  it  is 
recommended  that  water-soluble  nigrosine  be  used  whenever  possible, 
as  the  iron  liquor  and  sumac  formula  is  somewhat  troublesome  and 
may  produce  a  cracky  grain.    After  blackening,  proceed  as  directed 
under  Oiling  and  Finishing. 


Oiling  and  Finishing 


THIN  LEATHER;-- £e£  the  wet  tanned  leather  from  the  dyeing,  or,  if 
not  dyed,  from  the  neutralizing,  dry  out  slowly.    While  it  is  still 
very  damp  go  over  the  grain  or  hair  side  with  a  liberal  coating  of 
neat's-foot  or  cod  oil.    While  still  damp,  tack  the  sides  out  on  a 
wall  or  tie  them  in  frames  (shown  on  cover),  being  sure  to  pull  them 
out  tight  and  smooth,  and  leave  them  until  dry.    When  dry  take  down 
and  dampen  well  by  dipping  in  wwrm  water  or  by  rolling  the*  up  in 
wet  sacking  or  burlap.    When  uniformly  damp  and  limber  go  over  the 
sides  with  a  "slicker",  pressing  *,he  slicker  firmly  against  the 
leather,  while  pushing  it  away  from  the  body.    Slick  out  on  the  grain 
or  hair  side  in  all  directions. 
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This  is  done  by  _puliirig_  the  damp  leather  vigorously,  back  and  f  orth 
over  the  edge  of  a  small  snbbth  board  about  _3_  feet  lqrig,.  6  inches 
wide^  and  1  inch  thick*  fastened  upright  and  braced  to  the  floor, 
or  ground.    The  top  end  of  the  board  must  be  shaved  down  to  a  wedge  "shape, 
with  the  edge  not  more  than  one-eighth  inch  thick  and  the  corners  well- 
rounded.    Pull  the  sidesi  flesh  side  dbwn>  backward  arid  forward  over  this 
edge^  exactly  as  a  cloth  is  worked  back  and  forth  in  polishing  shoos. 

Let  the  sides  dry  out  thoroughly  again.    If  not  sufficiently  soft 
and  pliable^  dampen  them  with  water,  aPPiy  more  oilj  and  slick  and  stake 
as  befores    The  more  time  given  to  slicking  and  staking^  the  smoother 
and  more  pliable  the  leather  will  be. 

THICK  LEATHER. — Thick  leather  from  the  larger  hides  is  oiled  and 
finished  in  a  slightly  different  manner ■ >    For  harness  and  strap  leather^ 
let  the  tanned  sides,  dyed  if  desired,  dry  down.  While  they  are  still 
quite  damp  ilick  over  the  grain  or  hair  side  thoroughly  and  apply  a 
liberal  coating  of  neat's-foot  or  cod  oil.    Tack  on  a  wail  or  tie  in  a 
frame,  stretching  the  leather  out  tight  and  smooth,  and  leave  until  dry. 
Take  the  sides  down,  dampen  them  with  warm  water  until  limber  and  pliable, 
and  apply  to  the  grain  side  a  thick  coating  of  warm  dubbin.    The  dubbin 
is  made  by  melting  together  about  equal  parts  of  cod  oil  and  tallow  or 
rieatfs-f6ot  oil  and  tallow..    When  cool  it  must  be  soft  and  pasty  but 
not  liquid.    If  too  nearly  liquid,  add  more  tallow.    Hang  up  the  sides 
again  and  leave  them  until  thoroughly  dried.    When  dry,  scrape  off  the 
excess  tallow  by  working  over  with  the  slicker.    If  more  grease  in  the 
leather  is  desired j  dampen  a  gain  and  apply  another  coating  of  the  dubbini 
When  again  dry,  slick  off  the  tallow  ahd  thoroughly  work  over  all  parts 
of  the  leather  with  the  slicker.    Rubbing  over  with  sawdust  helps  to  take 
up  surface  oiliness. 

Chrome-tanned  leather  is  stretchy,  so  that  in  cutting  the  leather 
for  use  in  harness j  straps,  reins ^  arid  similar  articles  it  is  bost  to 
first  take  out  most  of  the  stretch. 

Chrome  leather  for  shoe  soles  must  be  heavily  grease,  or,  in 
other  words j  watefprobf edj  unless  it  is  to  be  worn  in  extremely  dry  regions 
Waterproof ing  may  be  done  after  repairing  the  shbe3  by  setting  them  in 
a  shallow  pan  of  oil  or  grease  so  that  ^uat  the  soles  are  covered  by 
the  grease.    The  soles  should  be  dry  before  they  are  se  I  in  the  melted 
grease.    Melted  paraffin  vax  will  ddj  although  it  makes  the  soles  stiff. 
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ALUM-TANNED  LACS  LEATHER 


Delitning 


After  the  sides  have  been  put  through  the  unhairing  and  fleshing 
operations,  rinse  them  off  with  cool,  clean  water  for  from  6  to  8 
hours,  changing  the  water  frequently . 

Buy_5>  dunces  of  U.S.P,  lactic  acid  (or  16  ounces  of  tmnery  22 

percent  lactic  t~4ji).    Nearly  fill  a  clean  Ub-  to  5b-gaJdon  barrel  

with  clean*  cool  water  and  stir  in  the  lactic  acid,  mixinp  thorourhly 
with  a  paddle,    Hang  the  sides  in  the  barrel  and  leave  then there  for 
2U  hours,  pulling-  them  up  and  stirring  them  about  frequently i  fake 
out  the  sides,  work  over  or  scud  thoroughly,  as  directed  under  tfnhair- 
ihg*  and  hang  them  in  a  barrel  of  cool  water.    Change  the  water  several 
times,  and  finally  leave  them  in  the  wat^s*  overnipht.    If  lactic  acid 
cannot  be  obtained,  use  a  gallon  of  vinegar  instead. 


Tanning 


While  the  sides  are  being  delimedj  thoroughly  wash  out  the  barrel 
in  which  the  hide  was  liMd.    Put  in  it gallons  of  clean_water  «id 
12  pounds  of  ammonia  alum  or  potash  alum  and  stir  frequently  until  it 
is  completely  dissolved* 

Dissolve  3  pounds  of  washing  soda  (crystallized  sodium  carbonate) 
and  6  pounds  of  salt  in  5  gallons  of  cold,  clean  water  ina  wooden 
bucket.    The  soda  crystals  must  be  clear  and  giasslikei    Do  not  use 
white  crusted  lumps. 

Pour  the  soda  solution  into  the  aim  solution  in  the  barrel  very* 
very  slowly,  stirring  the  solution  in  the  barrel  constantly.    Take  at 
least  10  ndnutes  to  pour  in  the  soda  solution  in  a  small  stream*  If_ 
the  soda  is  poured  in  rapidly  the  solution  will  become  milky  arid  will, 
xwt  tari.    The  solution  should  be  cool,  and  enough  water  to  nearly  fill 
the  barrel  should  be  added. 

Hang  each  well-washed  side  from the  delimirig  in  the  ^um-soda  so- 
lution.   Pull  up  the  Jldss  and  stir  the  solution  six  or  eight  times 
each  day.    Do  not  put  the  bare  hands  in  the  liquor  if  they  are  cut  or 
cracked  or  have  sores  on  them© 
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After  6  or  7  days  remove  the  sides  from  the  aium-soda  solution 
and  rinse  well  for  about  a  quarter  of  an  hour  in  clean^  cold  water i 


Oiling  and  Finishing 

Let  the  sides  drain  and  dry  out  slowly*    While  still  very  damp 
go  over  the  grain  or  hair  side  with- a  liberal  coating  of  heaths-foot 
or  cod  oil.    After  the  oil  has  gone  in  and  the  sides  have  dried  a 
little  more  but  are  still  slightly  damp,  begin  to  work  them  over  a 
"stake. 11    The  time  to  start  staking  is  important^.  The  sides  must  hot 
be  too  damp;  neither  must  they  be  too  dry^    When  lipht  spots  or  light 
streaks  appear  on  folding  it  is  time  to  begin  staking.    Alum- tanned 
leather  must  be  thoroughly  and  frequently  staked. 

Staking  is  done  by  pulling  the  damp  leather  viporously  back  aiKl 
forth  over  the  edge  of  a  small,  smooth  board.    The  sides  must  be 
staked  thoroughly  all  oyer  in  order  to  make  them  pliable  and  sbft^  arid 
the  staking  must  be  continued  at  intervals  until  the  leather  is  dry* 

When  dry,  evenlv  dampen  the^ sides  by  dipping  them  in  water  or  by 
leaving  them  overnight  covered  witJrwet  ^urlap  or  sacks*    Anply  to  the 
or  hair  side  a  thick  coating  of  warm  dubbing    The  dubbin  is  made  by 
meltinr  together  about  equai  parts  of  neat1 s- foot  oil  and  tallow  or 
cod  oil  and  tallow.    When  cool,#  the  dubbin  must  be  soft  and  pasty  but 
not  liquid.    If  too  nearly  liquid,  add  more  tallow.    Leave  the  greased 
sides,  prefer ^bl^  in  a  warm  place,  until  dry i    Serine  off  the  excess 
tallow  and  aprin  stake  the  sides.    If  the  leather  is  too  ^ard  arid 
stiff,  dampen  it  evenly  with  water  before  stakinr. 

After  staking,  go  over  the  .sides  with  a  slicker  -y  pressirir  the 
slicker  firmly  against  the  leather,  while  pushing  it  awa^  from  the 
body*    Slick  out  on  the  grain,  or  hair  side,  in  all  directions. 

Alum- tanned  leather  almost  invariably  dries  out  the  first  time 
hard  and  stiff.    It  must.be  dampened  again  arid  restaked  while  drying. 
In  some  cases  this  must  be  done  repeatedly,  arid  another  application  of 
dubbin  may  be  necessary,    i'y  repeated  dampening,  staking,  and  slicking 
the  leather  can  be  made  as  soft  and  pliable  as  desired. 
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TANNf  NO  FUR  SKINS 


Much  of  the  value  of  3  fur  skin  depends  upon  the  manner  in  which 
it  is  handled  in  the  raw  state.    After  the  animal  has  been  caught j 
every  effort  should  be  made  to  follow  the  best  practices  in  skinning : 
and  curing,  in  order  to  obtain  a  skin  of  the  greatest  possible  value* 
Certain  trade  customs  also  must  be  followed  to  secure  the  top  price. 

Requests  for  directions  for  terming  fur  skins  are  constantly  re- 
ceived by  the  Department  of  Agriculture*    There  is^  however,  less  heed 
for  such  inforaation  than  there  is i  for  inform? tion  bh  farm  or  home 
tanning  of  hides  and skins  into  leather.    Fur  skins  as  a  protection 
are  a  necessity  for  those^ living  in  cold  climates,  but  comparatively 
few  are  used  for  this  purpose^    Most  of  the  fur  skins  are  made  into 
articles  which  are  more  or  ies s  of  a  luxury  ahd^  as  suchjj  are  valued 
largely  on  the  basis  of  their  appearance  and  finish,  which  ah  inex- 
perienced worker  can  seldom  make  sufficiertly  pleasing.  Furthermore, 
raw  fur  skins  are  valuable^  and,  if  well  cared  for,  usually  find  a 
reader  market*    Nevertheless,  the  spread  between  the  prices  paid  for 
raw  furs  and  those  demanded  for  finished  fur  articles  is  enormous* 
No  doubt,  this  spread  in  many  instances  inspires  the  attempts  at  home 
manufacture . 

An  inexperienced  person  should  not  try  to  tan  valuable  skins 
of  large  hides,  such  as  cattle,  horse,  or  bear,  for  making  into  coats^ 
robes,  or  rugs.    The  risk  of  damage  or  of  an  unsatisfactory  product, 
as  measured  by  the  usual  standards  of  finish  and  apoearance^  is  too 
great.    The  difficulties  in  properly  hanging  large  hides  make  the 
chances  of  success  remote,  except  by  those  having  suitable  equipment 
and  experience.    Moreover,  tanning  the  skin  is  only  one  step  in  the 
production  of  the  finished  article.    After  being  tanned^  all  skins  must 
be  tailored,  many  must  be  dyed,  and  small  ones  must  be  matched^  blended, 
and  sewed  together^    All  these  operations  require  experience  and  _ 
practice  to  secure  the  attractive  appearance  desired  by  wearers,  of 
furs.    Some  of  the  operations,  such  as  those  of  bleaching  and  dyeing, 
are  so  highly  specialized  that  their  undertaking  should  hot  even  be_ 
considered  by  an  amateuri    From  the  standpoint  of  serviceability  and 
usefulness,  inexperienced  persons  might  meet  with  a  fair  degree  of 
success  in  tanning  and  tailoring  fur  skins $  but  few  can  ever  hope  to 
make  a  fur  piece  or  garment  which  will  compare  favorably  in  appear- 
ance with  the  shop  or  factory  product j    The  tanning  and  dressing  of 
fur  skins,  then,  are  best  left  to  those  who  are  experienced  and  equip- 
ped to  carry  out  the  tedious  operations  required* 
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To  satisfy  the  demand  upon  the  Department  for  information  on  the 
home  tanning  of  fur  skins  and  to  provide  those  who  insist  upon  carry- 
ing- on  such  work  with  correct  information  and  with  detailed  methods 
which  offer  the  best  chances  for  success^  the  fbllbwirif  directions  are 
piven.    These  directions  are  meant  primarily  for  small  fur  skins  no 
larper  than  that  of  the  fox  and  for  skins  of  low  market  value. 

No  formulas  for  tarming-  are  foolproof,  and  success  can  be  attain- 
ed onlv  by  close  observation^  plenty  of  work,  and  the  exercise  of  care 
and  patience •    All  ;*kinr_are  not  treated  just  alike*    In  fact,  each 
skin  hae  its  own  pecuJiartties,  which  only  experience  can  show  how  to 
treat.    Some  skins  are  coufh  and  fairly  thick  and  will  stand  mistreat- 
ment; others  are  very  thin  and  tender  and  are  easily  ruined.    Some  are 
fat  and  greasy  and  require  thorough  workinp  out  of  the  freasej  others 
do  not.    An  inexperienced  person  should  experiment  with  the  least  val- 
uable skins.    If  a  number  of  skins  of  the  sane  kind  are  to  bo  tanned, 
one  or  two  of  the  poorest  should  he  tried  first. 

Soaking*  and  Fleshing 


The  first  step  is  to  get  the  skin  thoroufhly  softened,  cleaned, 
and  free  from  flesh  and  grease; 

Split_the  tail  the  entire  lenrth  on  the  underside*    If _ the  skin 
is  "cased^"  split  it  rteatly  down  the  middle ,  of  the  belly .    f-bak  it  in 
several  chanres  of  clenr,  cool  water.    '-Then  the  skin  berins  to  soften, 
lav  it  on  a  beam  or  smooth  pole  and  bepin  workinp  over  the  flesh  side 
to  break  ud  the  adherinp  tissue  and  fat.    All  dried  skins  have  a 
shinv,  ti^ht  layer  of  tissue.    This  tissue  must  be  broken  up  ~nd  en- 
tirely removed,  which  is  best  done  by  repeated  alternate  workinf  <md 
soaking.    A  good  tool  for  scratching  tiie  tissue  is  a  metal  edre  of  an?- 
kind,  such  as  a  drawing  knife  or  an  ordinary  knife  with  dull  saw  teeth 
or  notches  filed  in  it.    VforkinF  over  with  these  dull  teeth  scratches 
or  breaks  up  the  tissue  so  that  it  can  be  scraped  off  after  further 
sbakihp.  - 

At  the  same  tine  the  grease  and  oil  are  worked  out  of  the. skin. 
This  operation  is  of  the  utmost  importances    It  is  utterly  useless  to 
start  t^nninf  until  all  the  tissue  and  grease  have  been  removed  and 
the  skin  is  uniformly  soft  and  pliable,  without  any  hard  spots* 
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The  time  bf_  soaking  depends  upon  the  condition  of  the  skins  S6me 
ikihs  require  only  about  2  hours,  while  others  need  a  much  longer  times 
Very  hard  skins  often  must  be  thoroughly  dampened^  roiled  up^  fur  side 
but    and  put  away  ih  a  cool  place  overnight  to  softens    While  a  skin 
must  be  soaked  until  sbft^  it  should  not  stay  wet  ionger  than  neces- 
sary, as  the  hair  may  start  to  slips  ~ 

In  fleshing  and  scribing^  care  sisb  must  be  taken  not  to  injure 
tiie  true  skin  or  expose  the  hf  ir  roots ,  especially  on  thin  skins* 

When  the  soaking  is  we^l  advanced  and  the  skin  is  gettinr  in  pood 
shape ,  work  it  in  li  ^ewarm  water  containing  an  ounce  of  soda  or  borax 
to  the  gallon.    Soap  also  may  be  addeds    This  treatment,  promotes  soft- 
ening, cleans  the  skih§  and  cuts  the  greases 

Work  again  bvbr  the  beam  and  finally  rinse  thoroughly  in  lukewarm 
water.    Squeeze  out  most  of  the  water,  but  do  not  wrin^  the  skins 
Without  further  drying,  work  the  skin  ih  rasblihe,  using  several 
changes  if  very  much  dirt-  and  grease  are  presents    Squeeze  and  hang  up 
the  skin  Tor  a  few  minutes. 

The  skin  should  how  be  ready  for  tannings  When  painting  or  past- 
ing of  the  tan  liquor  oh  the  flesh  side  only  is  included  in  the  direc- 
tions for  tanning,  it  is  best  to  dry  but/ the  hair  or  fur  eid^  first  by 
workinp  in  sawdust.  Ih  this  way  arir  heating  of  the  ft*r  side  while  the 
skin  is  tacked  but  is  avoided^  as  are  also  matting  and  stiffening  of 
the  furo  If  whilfc  drying  but  the  furj  the  flesh  side  ecemes  too  dry, 
it  must  be  evenly  dampened  with  a  wet  cloth  before  applying  the  tan 
liquor. 


Combination  Tannage 


A  cbmbihiation  tannage  is  a  combination  of  mineral  and  vegetable 
tannings    It  has  ah  advantage  over  ihe  sali-acii  or  salt-alum  proc- 
esses in  giving  a  soft  and  flexible  sfcih^  as  wall  as  a  more  lasting 
tarmares 

Orie  of  the  most  popular  and  successful  formulas  for  a  cbflfcihatibh 
tannage  is  given  by  M.  C.  Lamb.    A  past", mixture  of  alum,  s?lt,  pambier; 
and  flour,  with  or  without  glycerin  or  olive  oil,  is  made  as  follows: 
Dissolve  1  pound  of  aluminum  sulfate  and  1  pound  of  salt  toother  in  a 
sm^ll  iniantityof  water.    Dissolve  3  ounces  of  gambier  or  Terra  ^apon- 
ica  in  a  little  boiling  water.    'Instead  of  g?mbisr,  3  or  h  ounces  of 
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firiel,r  powdered  sruinac  leaves  ma-,  be  used;)    Mix  the  two  solutions  arid 
.  make  up  to  2  gallons  with  water;.    As  this  solution  is  usedj  mix  it 
with  eiiburh  f lbur_  to  make  a  moderately  thin  pastes    If  the  skin  has  a 
hard  texture  and  lacks  natural  ET^ase^  thorouphly  mix  r  little  olive 
oil  or  glycerin  with  the  paste. 

Soak>  soften,  arid  clean  the  skin  as  previously  described  and  tack 
it  but  flat  arid  smooth,  flesh  side  up.    Apply  from  two  to  three  coat- 
ings of  the  caste*  depending  upon  the  thickness  of  the  sktni  Only  

thick  skins  require  three  coatings.    Each  coating  should  be  aboSt  one- 
eighth  inch  thick  arid  should  bo  applied  at  intervals  of  a  day.  Be- 
tween applications  the  skin  should  be  kept  covered  with  sacking  or 
^Darter.    Scrape  off  most  of  the  ofd  coating-  before  putting  on  a  new 
tone.    After  the  last  coating  has  beeri  applied,  spread  out  the  skin  un- 
covered or  hah?  it  up  td  dry  slowly. 

VJhen  practically  dry,  wash  off  the  flour  paste,  rinse  for  several 
minutes  in  water  containing  an  cunce  of  bcrax  to  the  pallon,  tten  in 
wa  ter  alone*    Squeeze  out  most  of  the  water  .    Put  the  skin  over  a  beam 
and  slick  it  nut  well  on  the  flesh  side  with  the  back  of  a  knife  or 
edpo  of  a  woo  en  slicker,  thus  working  ou+.  most  of  the  water.  Again 
tack  the  skin  out  smoothly,  flesh  side  up,  and  apply  a  thin  coating  of 
anv  animal  fat,  fresh  butter,  beinr  particularly  pood,  or  a  nondrying 
oil,  such  as  neat's-footf  castor,  or  olive  oil.    Glycerin  or  a  soap 
may  be  used  instead  of  the  rfoase  or  oil.    If  the  sVin  originally  was 
very  greasy ^  it  may  riot  be  necessary  to  apply  anv  oils 

When  riearlv  dry,  but  still  slightly  damp,  begin  to  work  the  skin 
in  aH  directions,  stretching  it from  corner  to  corner  and  working  the 
flesh  side  over  a  stake  or  a  wooden  ed^e,  such  as  the  back  of  a  chair 
or  piece  of  board  clamped  in  a  vice. 

The  time  td  be  pin  working  is  important  and  is  best  judged  from 
experience.    The  skin  must  not  be  too  wet;  neither  must  it  be  too  dry. 
The  appearance  of  a  few  light  spotn  or  a  light  streak  on  folding  is  a 
rood  indication  of  z\ie  time  to  start  workinp  the  skins 

Work  the  skin  in  all  directions  back  and  forth,  as  if  shining 
shoes  with  a  clouh.    The  skin  may  also  be  worked  this  way  through 
smooth  metal  rinrs.    Much  of  the  success  in  petting  a  soft  skin  liee 
in  this  repeated  working  which  ;nuot  be  done  while  the  skin  is  drj'irig 
out,  not  after  it  is  dry.    If  the  skin  is  not  soft  enouph  when  dry, 
it  must  be  evenly  dampened  and  worked  again  while  drying.    This  may  be 
repeated  several  times  if  necessary. 
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After  softening  and  drying  but  it  is  well  to  five  the  skin  a 
hasty  bath  in  gasoline.    If  the  skiriis  preasy,  this  must  be  done* 
This  also  helps  to  debdbjrize  some  skins,  such  as  those  of  the  skunk* 


Finally,  to  clean  arid  brighten  the  tanned  skin,  tumble  or  work 
it  repeatedly  in  dry^  warm  sawdust,  preferably  hardwood  sawdust*;  or 
bran  or  commeal.    Clean  these  but  of  the  fur  by  gentle  shaking^ 
beaming,  combing,  arid  brushing. 

_  Tlie  flesh  side,  may  be  smoothed  if  necessary  by  working  over  a 
sandpaper  block.    This  also  helps  to  soften  the  skin  further*  If 
desired,  the  thicker  sections  of  the  skin  may  be  made  thinner  and 
more  flexible  by  shaving  off  some  of  the  skin  or  hide* 


S^it-Alum  Tannage 


The  salt-alum  process^  ah  old  method  for  furskin  tsnninp,  i* 
widely  used*    It  is  considered  ^ipht^  ^tter  than  the  salt-acid 
tannage, Lbein£\  a  little  more  pennanent  and,  when  properly  carried 
out,  pivinp  skins  which i  have  a  little  more  stretch  and  flexibility.. 
It  often  happens,  however,  that  alum-tanned  skins  con»  out  stiff  and 
hard  and  must  be  worked  repeatedly  and  sometimes  retannedi 

A  3 alt-alum  tanninp  solution  ma1'  be  m^de  up  using the  following 
proportions:    1  pound  of  ammonia  alum  or  potash  alxOT  fissoived  in  i 
fallen  of  water;  k  ounces  ofjwashing  soda  (crystalli zed  sodium  carbo- 
nate) and  8  ounces  of  salt 3 ,  dissolved  topether  in  one-half  p° lion _of 
water,  _Wheh  dissolved,  pour  the  soda-salt  solution  very  slowly  into 
the  alum  solution  while  stirring  vigorously. 

A  skin,  cleaned  and  softened  as  previously  described,  top/  be  tan- 
ned by  immersion  in  this  solution  for  from  2  to  5  days,  depending  upon 
its  thickness*    Because  of  the  action  of  alum  on  some  furs  it  may  be 
bestj,  as  a  general  rule,  to  apply  the  tanning  liquor* as  a  paste  tothe 
flesh  side  ordy*  , 

Mix  the  tan  liquor  as  used  jwith  sufficient jSour  to  make  a  this 
paste*    Add  the  flour*  in  small  quantities  with  a  little  water  and  mix 
thoroughly  to  avoid  lumps*    Tack  t^e  skin  out  smoothly,  flesh  side  up. 
Apply  a  coating  of  the  paste  about  one-eirhth  inch  thick  and  cover  the 
skin.    The  next  day  scrape  off  most  of  the  paste  and  give  another 
coating.    Apply  altogether,  at  intervals  of  a  day,  from  two  to  three 
coatings,  depending  upon  the  thickness  of  the  skin.    Only  thick  skins 
should  need  as  many  as  three  treatments.    Leave  the  last  coating  on 
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for  3  or  U  days;    Finally  scrape  off  ahdiririse  clean  in  water,  putting 
in  about  an  dunce  of  borax  to  a  gallon  of  water*    Rinae_ai-last  in 
water  only.  . 

Work  over  a  beam  to  remove  most  of  the  water*    Stretch  the  skin 
but  flat  and  sponge  over  the  flesh  side  with  a  thin  soap  paste.  After 
this  has  gone  in,  apply  a  thin  coating  of  oil.    Leave  the  skin  stretch- 
ed out  to  dry,  and  while  it  i*  still  damp,  work  and  stake,  wetting  and 
working  repeatedly  if  necessaiy.    Finally,  clean  in  gasoline  and  saw- 
dust and  finish  as  described  above • 

Salt-Acid  Tannage 

One  of  the  oldest  processes  of  tanning  requires  various  mixtures 
of  common  salt  and  sulfuric  acid.    Tanning,  or,  more  correctly  speak- 
ing ^  tawing ,  by  this  means  is  open  to  the  objection  that  sulfuric  acid 
must  be  used  very  cautiously,  and  must  be  completely  neutralized  to* 
prevent  later  damage  to  the  skin.    Skins  tanned  with  salt  and  acid 
also  show  a  tendency  to  become  damp  and  clammy  in  wet  weather  and,  if 
repeatedly  subjected  to  wetting,  lose  their  tanned  effect. 

A  salt-acid  tanning  solution  may  be  made  up  in  the  following  pro- 
oortiohs:    For  each  gallon  of  water  use  1  pound  of  common  salt  and  one- 
half  ounce  of  concentrated  sulfuric  acid.    Dissolve  the  salt  and  care- 
fully pour  in  the  acid  while  stirring.    This  tan  liquor  must  be  made, 
and  used  in  jars  or  wooden  vessels,  never  in  metal  containers-,  of  any 
fend*    (When  pouring  in  the  ecid,  do  not  inhale  any  more  of  the  fumes 
given  off  than  is  necessary,  and  also  be  careful  not  to  get  any  °6f  the 
-  strong  acid  on  the  skin  or  clothing.)    As  soon  as  the  acid-salt  solu- 
tion has  cooled,  it  is  ready  for  uses 

Put  the  cleaned,  softened  skin  in  the  solution  so  that  it  is  en- 
tirely covered  and  leave  it  for  from  1  to  3  da:  s^  depending  upon  its 
thickness.    During  this  time  stir  the  skin  about  frequently.    If  de- 
sired, the  solution  may  be  painted  on  instead.    In  this  case,  tack  out 
the  skin  smoothly,  flesh  side  up,  paint  over  with  the  solution,  and 
cover  the  skin  with  well-dampened  sacking  or  cloth.    At  the  end  of  6 
hours,  paint  over  it  again.    With  thicker  skins,  give  one  or  two  morl 
applications  of  the  solution  about  6  hours  apart,  keeping  the  skin 
covered  between  spoliations.    After  the  last  application,  hang  up  the 
skin  or  spread  it, ".flesh  side  up,  without  cover,  and  let  it  dry. 

After  tanning,  either  by  immersion  or "by  painting,  r*nse  the 
skin  in  clear  water  and  squeeze  out  most. of  the  water,  hut  do  not 
wrihF  it.    Then  work  the  skin  for  about  10  minutes  in  a  solution 
made  up  in  the  proportion  of  an  ounce  of  borax  in  a  .gallon  of  water, 
and  finally  rinse, well  in  clear  water  and  squeeze. 
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Work  over  the  _sk±n  with  a  slicker  to  'remove  nest  of  the  water, 
tack  it  but  flat,  flesh  side  up,  and  apply  a  thin  eostinn  of  frease 
or  oil.    Leave  the  skin  stretched  to  dry  ^  and  while  it  is  still  damp 
work  arid  stake  it*  ^ 


Finally  cl&an  in  gasoline  and  sawdust,  and  finish  by  shaking, 
^,  sandpapering/ brushing,  arid  combinri 

HAND-LOOM  VEAV-ING 


A  simple  Loom:    In  all  hand  weaving  the  loom  is  the  structure 
rorming  a  frame  upon  which  the^naterials  are  woven.    It  would  be 
quite  possible  to  carry  out  simple  weaving  without  a  frame  by  attach- 
ing one  end  of  a  set  of  threads  to  a  hrok  in  a  wall,  holding  the 
other  ends,  and  working  other^  threads  across  these.    Therefore  the 
loom^or  ~rame  is  merely  a  simple  device  to  hold  one  srt  of  threads 
firmly  in  position  while  working  through  them  with  another  thread  or 
threads.    There  are  many  types  of  looms,  and  I  should  like  to  make 
-h5W ite,clear  ^at  it  is  not  essential  for  the  beginner  to  commence 
witra  simple,  small  loom  and  work  through  all  .-the  tyi  es  of  looms 
mentioned;  the  beginner  can  commrnce  wj^hsquite  a  large  loom,  such 
as  the  four-shaft  Kentish  Loom,  if  it  can  b^a -forded.    The  purpose 
of  describing  the  simple  locras  is  to  demonstrate  by  illustration  and 
explanation  the  simple  technique  of  Weaving.    However,  ?t  is  suggest- 
ed that  construction  of  the  loom  Illustrated  in  Fig.  1,  and  using  it 
to  practise  the  early  stages  of  the  work  will  assist  the  learner- 
veaver  in  anprrciating  the  simplicity  of  the  cra't. 


Stem.        —  SAeJSM. 

Fig.  1.    A  SIMPLE  PRACTICE  LOOM 
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The  loom  illustrated  consists  of  a. piece  of  wood, which  is 
narrower  than  it  is  lonr,  with  two  smaller  pieces  of  wood  fixed  at 
e^ch  end.    At  the  tor  1-  ft  corner  a  small  screv-eye  is  fitted  and 
InotHer  ^crr'ed  into  ti-e  wood  at  the  bottom  right  corner.    To  set 
up  this  simple  loom,  the  end  6*  a  p<ece  of  long  string  snould  he 
•-rmly  tied  to  the  small  screw-eye  at  the  top-le.;t  corner,  and  the 
.trine  iSbuhd  round  the  wood  Tame  in  the  manner  illustrated  in  Fig. 
2     The  -tr  rip  should  be  wound  tightly,  and  the  tension  should  oe 
even:  twelve  winds  o"  string  are  all  that  are  necessary  for  initial 
practice!    The  loose  end  of  the  string  should  ,e  firmly  tied  to  the 
Si  screw-eve  at  the  bottom  of  the  frame  after  winding.    3£  should 
£  obvious  that  Only  a  very  simple  -orm  of  weaving  can  be  done  on 
the  loom  illustrated. 


Fig.  2.    SETTING  UF  THE  FI.ACTICE  LOOM 
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The  Warp:    This  term  is  cdmnon'to  all  forms  of  weaving  and  it 
is  used  to  describe  the  fixed  strings  or  threads  described  atove^ 
which  are^  the  foundation  of  the  fabric..    Various  means  are  used  with 
the  different  types  of  loom  for  holding  the  warp  firmly  and  keeping 
the  strains  seperate.    In  the  simpir  loom  described,  this  can  be 
•done  :y  fitting  two  dowel  ro^s  across  the   Varoe  over  and  under  alter- 
nate.threads  of  the  warp.    The  rods  are  illustrated  in  Fig.  2,  and 
it  will  be  seen  that  the  tension  can  be  easily  increased  by  drawing 
the  two  rods  closer  together.    The  rods  should  be  attached  to  the 
back  end  of  the  frame,  as  shown  in  the  illustration.  Thus  the  warp 
is  set  up  on  the  frame  of  this  loom.    Variations  of  setting  up  the 
warp  will  be  explained  in  detail  when  describing  other  types  of 
looms  • 

The  VJeft:    This  is  another  term  common  to  all  forms  of  weaving, 
which  ia  used  to  describe  the  long  thread  woven  through  the  warp 
{fixed  threads).    For  the  purpose  of  practice  on  this  simple  loom 
the  weft  material  can  be  cotton  rug  yarn.    The  material  woven  hy. 
passing  the  weft  thread  through  the  warp  is  known  as  the  "web. 11 

ScLnow  we  have  the  three  main  items  of  weaving.    The  loom  (the 
simple-framework)  on  which,  the  warp  threads  are  setLur^  and  the  'weft 
(the-^thr^ad  woven  4nto  the  warp  to  form  the  weh.J    Before  commencing 
weaving  it  is  necessary  to  have  three  more  pieces  of  equipment.  These 
are  a  shed  stick,  a  shuttle ^  and  a  reed. 

5_      The  Shed  Stick:     This  is  shown  in  the  illustration  (Fig*  l),  and 
it  is  used  to  seperate  the  varp  threaos.    It  is  a  narrow  piece  of 
thin  vood  with  routed  ertos,  which  is  passed  through  the  warp  under 
and  over  alternate  threads.    Two  shed  sticks  are  used  In  this  form 
of  wcavinp,  and  it  will  he  seen  from  the  illustration  that  they  are 
passed  through  the  warp  threads  in  alternate  order.    When  weaving 
is  be'ng  done,  one  of  the  shed_st_ick3  is  turned  on  ecge  to  separate 
the  -arp  threads  for  passage  of  the  reft* 

The  Shuttle:    This  is  another  basic  item  of  equipment  used  In 
all  forms  of  wraving.    There  are  many  different  types  of  shuttles 
used  with  different  lcoms,.    ut  for  the  purpose  of  explaining  the 
fundamentals  of  weaving  the  shuttle  desert' ed  and  illustrated  (Fig. 
1)  is  a  narrow  thin  p>iece  of  wood  with  a  U-shaped  notch  cut  at  each 
end.    Like  the  other  equipment  described,  the  shuttle  can  quite 
easily  be  mat'e  at  home* 

The  Reed:    Also  known  as  the  "cdmo"  is  shown  in  the  illustration 
(Fig.  l)  in  the  form  of  a  flat  piece  of  wood  with  nails  hammered  into 
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it,  and  for  the  purpose  of  this  explanation,  thirteen  nails 
shown  and  snaced  to  separate  the  warp  threads,    (The  *P*<*f  j£f*«n 
are  Vn-vn  pb  "Dents").    This  piece  of  equipment  is  not  attached  to 
S3  loon  illustrated    and  it  may  be  different_in  shape  and  form  for 
use  w  th  some  of  the  other  looms  described  later  xn  this  book  The 
reed  is  used  to  ,  eat  uP  the  "pick":    (The  pick  is  the  term  used  to 
describe  the  weft  threads  as  they  are  passed  through  the  warp)  to 
mahe  a  firm  web  (the  woven  material). 

Weaving  on  the  simple  loom:    After  setting  up  the  warp  Qh. the 
simple  loom,  the  rods  should  r.e  fastened  in  place,  and  one  of  the 
shed  sticks  inserted  through  the  warp  threads  over  and  under  in 
alternate  order.    The  weft  material  of  coarse  yarn  should  be  wound 
round  the  shuttle  between  the  U-shaped  notches,.*: th  the  end  of  the 
material  free,  and  the  reed  should  be  put  in  place  behind  t^e  first 
s^d  sUck  ^illustrated  in  Pig,  2.    Darn  the  «^tle  throug  e 
warp  threads  from  right  to  left,  under  an-'  Over  alternate  threads, 
a  short  distance  from  the  front  of  the  loom,  Vp^Jmo  "wfixu* 
inches  of  the  yarn  hanging  over  on  the  right  of  the  weft.    With  the  . 
right  hand  hold  the  yarn  where  it  meets  the  first  warp  thread  on 
SfliS,  an."  darn  the  shuttle  back 'through  the  warp  threads-this 
time  from  left  to  r<  ght-under  and  over  alternate  threads  in  opposite 
order  to  those  first  worked.    Hold  the  le't  edge  of  weft  and  warp 
and  pull  the  yarn  straight,  hut  not  too  tight.    Bring  the  reed  for- 
ward, with  the  nails  between  the  rarp  threads,  and  press  it  firmly 
atainst  the  dprned  pick,  and  your  -two  rows  of  yarn  should  look  like 
thoJr^n  the  illustration  (Fig.  2).    The  odd  end  of  the  yarn  is  after- 
wares  darned  in  the  web. 

To  continue,  turn  the  reed  down  and  bring  the  shed  stick  for- 
ward to  a  distance  of  four  or  five  inches  from  the  pick,  and  turn 
•t  on  its  side  (this  is  also  shown  in  the  illustration-Fig.  2). 
The  shed  stick  seperates  the  varp  threads  and  the  space  thus  formed 
in  front  of  the  pick  (the  weft  threads  already  woven)  permits  easy 
^assare  of  the  loaded  shuttle.    This  space  is  known  in  weaving  as 
the  "shed,"  and  the  term  is  comron  to  ail  forms  of  Weaving  done  on 
any  kind  of  loom.    Before  passing  the  shuttle  through  the  shed,  in- 
sert the  second  stick,  flat  on  its  side,  through  the  varp  behind  the 
reed    and  ensure  that  it  is  worked  under  and  over  alternate  threads 
tolhosfsIplSted  by  the  first  shed  stick.    Pass  the  «f^.^h 

the  shed  from  right  to  left  to  the  third  warp  strand  of  yarn,  pull 
the  yarn    firm,  rfmove  the  first  shed  stick,  and  turn  the  reed  up  to 
y  ring  it  forward  to  beat  Up  the  pick. 

Continue  in  the  same  way,  repeating  the  sequence  of  actions. 
After  beating  up  the  pick,  turn  down  the  reed  and  bring  the  shed 
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stick  forward ^  turning  it  on  edge  to  open  the  shedj  place  the  other 
shed  stick  in  position  through,  the  varp  (always  in  alternate  order 
to  the  first  one  for  this  simple  wcatej*  and  pass  the  shuttle  ^ack 
through  the  shed  alternate l;'  frbn  left. to  ri§:ht.   >s  the.  web  pro- 
greets  it  ray  be  observed  that  it  is  drawn  in  and  is  hot  so  wide 
cs  the  warp  thr^ac:s.    rhis  loss  6"  wict!'_is  rue  to  the editress  ion 
o^  the  varp  in  weaving,  and  this  can  be  largely  avoided  by  adjust- 
ing the  tension  of  the  vfft  strands  before  they  are  beaten  down. 
The  edges  should  oe  watched  as  the  work  progresses^  and  the  tension 
on  the  wert  should  re  even  throughout  the  work.  . ^his  is  hot  always 
rasy  for  the  '  eginner  to  do,  but  if  it  is  carefully  watched  in  the 
early  stages,  and  the  reason  ~6r  the  looseness  fully  uriderstbbd*_it 
should  be  a  simple  matter  to  overcome  the  fault  with  practice.  It 
may  be  found  that  the  tension  on  part  of  a  weft  thread  is  greater 
than  that  of  the  rest,  causing  the  weft  to  curve;    The  tehsibr^  of 
course,  should  always  be  even  throughout  the  work  and  tightness  or 
looseness  of  the  v»#te  adjusted  ininediately '  it  is  observed.  The 
pressure  on  the  reed  should  also  be  even  throughout  the  v:ork,  and  after 
a  little  practice  on  this  very  single  loom^  the  beginner  will  soon 
find  how  to  regulate  the  tension  of  the  warp  threads,  and  beat  up 
the  pick  evenly  to  form  the  we1:  with  firm  straight  edges. 

Continue  weaving  the  practice  piece  on  the  simple  loom,  as 
described  active*  to  within  four  or  five  inches  of  the  end  of  the 
loo™  The  web  formed  by  passing  alternate  weft  threads  through 
alternate  varp  threads  is  described  as  pla\n  weaving  or  "tabVy" 
wave.  There  are  many  variations  which  will  be  explained  later 
in_the  bcok.    The  ends  of  woven  fabric  may  be  finished  inseverai 

different  ways,  arid  there  are  best  done  on  the  loom  rather  than  

cutting  the  Wrp  threads  and  xinishinp  the  ends  off  the  loom.  The 
ends  may  ■  e  oversewn  with  strong  yarns  as  illustrated  in  Figi  2^ 
and  the  stitches  should  He _sevfn  through  esch  of  the  >^.7t  and  wax^ 
threads^  and  fastened  off  firmly,  or  the  ends  of  the  warp  threads 
may  be  knotted  to  form  a  fringe— this  is  also  illustrated  in  Fig. 
2— xrheh  securing  the  ends  of  the  web,  the  woven  material  should  be 
rer.joved  from  the  loom*  by  cutting  through  the  warp  threads. 

It  may  be  found  in  working  ori  larger  looms  that  there  may  be 
some  slight  variations  of  the  usages  and .methods  described j  for 
instance,  shed  sticks  are  used  slightly  differently  in  larger  looms — 
the  object  at  this  stage  is  to  clarify  the  preliminary  instructions. 

The  information  given  a!  ove  has  been  wr5tten  in  very  simple 
style  to  give  the  veriest  beginner  a  working  knowledge  of  the  elemen- 
tary principles  of  hand-loom  weaving,  arid  includes  most  of  the  techni- 
cal terms  used  in  weaving.    But  it  should  not  be  assumed  that  the 
simple  loom  described  is  only  suitable  for  practice— it  can  be  used 
to  weave  some  very  good  small  articles; 
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To  modify  the  practice  loom,  screv^fbur_cup  hooks  into  the  ends 
of  the  frarre  at  the  top,  as  shown  in  illustration  Fig.  I4.  Posi- 
tion the  cmp  hooks  so  that  the  closed  sides  of  then  face  inside 
the  loom;    Gut  tiro  pieces  of  dowel  rod  to  rest  ihthe  cup  hooks 
t  liich  may  be  '  erit  a  little  to  prevent  the  roc's  falling  but.  Drill 
a  small  hole  through  both  ends  of  each  rod  arid  insert  a  short 
pipce  of  strong  wire  through  the_ holes  at  each  side  of  the  f rare 
at  both  ends j  hanraer  a  small  hail  into  position,  as  shown  in  the 
illustration. 

Ail  the  other  items  used  with  the  simple  practice  loom  vill  be 
recuired  for  use  with  this  loom— -the  bross  rods  (dowel  rods),  the 
reedi  shed-Sticks^  and  the  shuttle.    For  practice*  the  worker  can 
again  use  string  for  the  warp>  which  for  this  loom  is  attached  to 
the  to  the  two  roller  rods.    To  set  up  the  loom*  place  the  two  dovel 
rods  in  the  cup  hooks  and  tie  a  piece  of  string  to  the  ends  of  the 
douel  roc3s,  as  shown  in  the  illrotration  Figi  h§  to  keep  them  in 
place  while  setting  up.    The  varp  threads  should  be  about  six  inches 
longer  than  double  the  length  of  the  piece  of  material  which^  is  to 
woven.    The  string  should  be  doubled  and  looped  over  the  warp  rod 
at  the  back  of  the  frame,  as  shown  in  the illustration  Fig.  ft.  Pass 
the  end  of  the  string  through  the  loop,  which  should  be  closed  very 
tightly  to  prevent  the :  warp  slipping  romx?  the  dowel  in  a  later 
stage  of  the  work.    Fasten  the  required  nun er  of  varp  threads  to 
the  warp  dowel j  then  fasten  the  encs  of  the  warp  strings  to  the 
dowel. rod  at  the  front  of  the  loom,  and  ^asten  them  very tightly. 
It  will  deviously  be  necessary  to  have  the  strands  all  exactly  the 
same  length  to  maintain  even  tension  of  the  warp. 

After  fastening  the  ewfs  of  the  warp  strands  to  the  rod  at  the 
front  6"  the  lprrc,  wind  the  back  roller  rod  round  clock-vise ,  as 
shown  iri  the  illustration,  to  tighten  the  varp,  and  finish  with  the 
pieces  of  wire  at  the  end  of  the  back  dowel  lodged  against  the 
snail  hails  in  the  side  of  the  loom.    Bfef ore  inserting  the  cross 
rods  and  trying  then  to  the  frame,  ensure  that  the  tension  on  each 
varp  string  is  eyenj  if  any  are  loose  it  will  affect  the^firm  tex- 
ture of  the  weaving.  _t\Tbrk  the  cross  rods  through  the  warp^  as  pre- 
viously described,  arid  fasten  them  to  the  frame. 

Insert  one  of  the  shed-sticks  over  and  under  alter^t*  warp 
strands  if  a  plain  tabby  weave  is  to  he  worked,  or  under  and  over 
two  strands  at  a  time  if  a  twill  weave  is  to  be  cone.    As  explained 
above,  weave  in  the  same  way  by  passing  the  shuttle  backwards  and 
forwards  through  the  shed,  beating  up  each  pick  as  it  is  formed, 
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and  when  several  inches  of  the  web  have  been  completed  release  the 
tension  oh  the  varp  rod  at  the  *  ack  of  the  frame  and  tighten. up  _ 
and  twist  the  wsrp  rod  at  the  front  of  the  frame.    Lock  the.  dowel 
rods  in  position;  and  before  commencing  the  next  stage,  of  the  work 
rake  any  adjustments  to  the  cross. rods  necessary-  to  take  up  any 
slackness  of  the  warp.    This  simple  modification  of  the  practice 
loom  demonstrates  how  the  length  of  the  material  cart  :.-e  increased 
Beyond  that  of  the  length  b"  the  Ibbr,:. 


Fig.  hi    FiOBIFHNG  THE  FRACTICE  LOOM 
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Looms  of  more  advanced  design  than  the  simple  practice  local— 
with  the  roller  modification— previously described*  takes  the 
learner  beyond  the  beginner  stage  into  the  realm  of  Table  Lowss. 
The  structure  of  table  looms  may  vary  according  to  the  ideas  of 
individual  manufacturers ,  but  in  principle  their  actions  are  simi- 
lar.   The  table  loom illustrated  in  Fig.  5  i«  #  step  f orward  from 
the  pract*  ^e  lorm  pictured  in  previous  illustrations,  but  it  has 
several  points  of  similarity;  it  will  be  remembered  that  th#  "loom" 
is  the  frame  upon  which  the  weaving  is  done.    In  our  first-born 
the  warp  was  set  up  bv  winding  string  round  the  wood  frame— in  the 
taMe  loom  (Fig.  5)  it  will  be  seen  that  the  warp  is  stretched  be- 
tween two  rollers  similarly  positioned  and  controlled  to  the  dowel- 
rod  rollers  of  out  first  loqm^  that  is,  one  roller  at  each  end  of 
the  loom,  which  is  wound  tight,  or  freed,  by  adjusting  control 
pins  or  j>ieces  of  wire  held  in  place  by  nails  or  pegs  in  the  side 
of  the  frame.    Our  simple  board,  with  a  piece  of  wood  attached 
each  end,  has  developed  into  at ox-like  frame  w[th  rounded  slots 
cut  in  the  sides  to  hold  the  rollers  in  position  (instead  of  the 
cup-hooks),  and  the  wire  per,  or  nail  inserted  in  the  side  of  the 
frame  csn  Ke  placed  in  mor^  than  one  position  to  adjust  the  tension 
of  tvr  vrrp  tren  rolling  off  the  vreh.    The  shed -sticks  used  with 
our  ?.ast  mcx'el  and  the  reed  have  heen  conbf  ned  in  the  form  of  a 
hed  le-reed,  which  is  incliuird  in  the  illustration  (Fig.  5).  The 
heddle-rred  Efperates  the  warp  threads  to  form  the  shed  through 
wivch  the  -huttie  is  passed  (this  is  only  s vita 6 le  for  tabby  weave). 
The  crops-rods  rerain,  but  in  this  loom  they  are  narrow  flat  pieces 
of  wood  (also  knovn  as  "a- ed -sticks")  and  as  before  they  are  position^ 
ed  at  the  end  of  the  frare. 


Fig.  5.    A  TABLE  LOOM 
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A  tabid  loom  such  as  the  one  illustrated*  could  quite  easily 
be  made  at  home*  but  if  this  is  o one  care  should  be  taken  to  form 
the  joints  of  the  frame  carefully  so  that  it  is  rigid  ami  the  ends 
square  with  the  sides.    A  broom-handle  could  be  pressed  into  service 
for  the  . rollers*  and  the  cross -rods  could  be  made  from  builder's 
laths;  a  strip  nf  canvas  should  be  firmly  tacked  to  each  roller  to 
help  to  secure  the  ends  of  the  warp.    Two  dove!  rods  should  be 
attached  to  the  canvas  of  each  roller*  as  illustrated*    A  home-made 
loom  of  this  type  would  be  quite  suitable  for  practicing  weaving* 
but  if  the  craft  is  to  be  made  the  subject  of  a  conmerciai  venture 
the  hand-weaver  should  p^chase  a  craftsman-m^e  loorai    Some  very 
attractive  and  useful  articles  can  §e  woven  on  this  table  loom- 
in  which  the  length  is  not  controlled  by  the  length  of  the  frame- 
work* because  of  the  roll: raj  but*  o~  course*  the  width  of  the  web 
is  slightly  less  than  the  width  o"  the  loom.    The  heddle-reed  can 
a3.so  bp  ma^.e  at  honr.    It  consists  of  a  light  wooden  frame  which 
should  be  strong  and  rigid*^  upon  which  is  strung  fine  wire  twisted 
as  shovm  in  Fig.  5*  to  form  a  row _of  holes; Additional  hed  die -reeds 
can  be  made  for  use  vith  this  loom  for  weaving  some  of  the  more 
intricate  patterns.    In  setting  up  the  loom*  some  of  the  warp  threads 
are  passpd  through  the  holrs  in  the  heddles.    It  will  be  observed 
that  the  loo*e  pieces  of  equipment  prominent  in  the  practice  loom 
ire  incorporate  in  the  table  loom.    The  only  loose  part  is  the 
shuttle. 

The  shuttle  can  be  the  same  shape  as  the  one  previously  describ- 
ed ^.nd  illustrated*  but  it  should  be  long  enough  to  pass  through  the 
shed,  or  roller  .shuttle  may  be  used  with  this  type  of  loom.  The 
roller,  or  hand  shuttle*  is  illustrated  in  Fig.  6.    The  advantage 
of  this  type  of  shuttle  is  that  it  can  be  thrown  through  the  open 
shed,  making  the  work  very  much  easier  and  quicker.    The  test  roller 
shuttles  are  made  of  hardwood  with  a  very  smooth  finish.    Sizes  vary* 
but  usually  they  are  si::  to  eight  inches  long;  these  shuttles,  are 
shaped  like  a  boat,  and  carry  a  bobbin  in  a  hollow  center.    The  bobbin 
"reely  rotates  on  its  spindle,  aric?  the.  thread  is  passed  through  a 
hole  in  the  side  of  the  shuttles  the  bobbin  is  held  in  the  body  of 
the  shuttle  by  means  of  a  spring  which  ih_some_hahd_ shuttles  can  be 
regulated  to  adjust  the  tension  of  the  weft.    Shuttles  used  in  weav- 
ing fine  yarns  may  not  be  ritted  with. rollers  at  the  bottom*  the 
smoothness  and  shape  of  them  being  relied  on  to  pass  freely  over  the 
delicate  threads;  but  shuttles  used  in  weaving  coarser  yarns  may  be 
fitted  with  rollers  to  assist  them  in  gliding  over  the  lower; warp 
strands  when  the  shed  is  open.    In  action  the  hand  shuttle  is  field 
with  the  point  inserted  in  the  open  shed  and  is  flicked  to  glide 
along  the  threads  to  be  caught  in  the  other  hand.    There  is  quite  a 
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knack  in  manipulating  this  type  of  shuttle,  and  a^ter  practice  the 
worker  will  find  that _npt  only  can  the  action  of  weaving  be  speeded 
iipj  but  the  quality  of  the  web  can  be  improved  by  controlling  the 
veft  at  an  even  tension  Lest  suited  to  the  yarn  used.    It  may  be 
considered  that  the  use  of  a  hanc  or  rollrr  shuttle  is  not  necessary 
with  such  a  harrow  loom  as  the  brie  described,  bvt  it  will  be  found 
as  the  weaver  progresses  beyond  the  learner  stage,  that  the  quality 
of  weaving  with  this  tyj_e  of  shuttle  is_imich_  superior  to  the  method 
previously  described.    The  roller  shuttle  will  again  be  re  erred  to 
in  later  instruction. 


Fig.  6.  SHUTTLES 

VJarping:    With  our  simple  practice  loom  the  warp  was  set  up  by 
w;nding  string  round  the  body  of  the  looms    ^9_?e^_t*P        table  loom 
a  different  method  of  setting  up  is  adopted,  and  t******  Shown  as 
"warping".    Detailed  information  about_warping  is  given  later  in  these 
instructions  describing  the  use  of  warping  boards  andjfarping  ^tils^ 
but  for  the  purpose  of  explaining  how  to  prepare  a  varp  for  the  table 
loom  described,  and  to  avoid  confuaing  the  learner-weaverj  only  a 
very  simple  nethpd  ofpreparing  the  warp  is  described  at  this  stages 
Before  warping  it  will  be  necessary  to  estimate  the  warp,  and  the 
amount  of  yarn  required,  forthe  warp  of  a  particular  object  will 
vary  according  to  the  type  of  yarn  being  used— wool,  linen,  cotton 
and  silk,  and  synthetic  yarns  of  different  weights  and  qualities  will 
bbvibusljr  vary  in_  thickness ^  arid  to  estimate  the  numberof  threads 
of  the  warp  it  will  be  necessar-  to  determine  the  number  of  strands 
-of  whatever  yarn  is  used  to  the  inch,    "or  the  purpose  of  clarifying 
this  exrlahatipn,  the  weaving  of  a  simple  scarf  is  described  as  being 
the  first  practice  piece  made  on  the  table  loom. 
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the  width  of  the  scarf  to  to  be  9  inches,  and  the  length  hQ  inches 
(not  including  the  length  of  the  fringe);  it  is  to  be  made  with  2- 
ply  vool  and  one  colour  orily  used  for  the  warp; 


As  previously  explained,  the  spacings  betveen  the  warp  threads 
ply  vary  according  to  individual  requirements,  but  for  our  scarf  of 
2~ply  wool  we  will  count  12  threads  to  the  inch  across  the  warp.  There- 
fore, if  the  scarf  is  to,  9  inches  wide  arid  there  are  12  threads  to 
the  inch,  the  number  of  threads  required  for  the  warp  will  be  9  x  12, 
which  equals  108  threads;  and  extra  thread  should  be  added  each  side 
fbr_ the  selvedge,  and_these  two  adr  it iprial  threads  bring  the  total  up 
to  IIP  in  the  warp.    To  determine  the  length  of .  the  warp  the  amount  of 
loom  wastage  and  shrinkage  should  be  added  to  the  length  of  the  scarf 
(  although  described  as  wastage,  hot  all  is  waste  as  some  will  be 
taken  up  by  the  knotted,  friiige  at  each  end  of  the  scarf  )•    Loom  vast- 
ape  may  vary  according  to  the  construction  of  the  loom,  and  shrinkage 
also  may  vary  according  to  the  yarn  material  beind  used.  The  length  of 
shrinkage  and  vastape  f br_ this  scarf  is  estimated  at  11  inches.  There- 
fore, if  the  scarf  is  to  be  iiC  inches  long  andthe  wastage  is  estimated 
at  11  inches,  the  total  length  of  the  warp  will  be  1/0  x  11*  which,  is 
5l_  inches.    A  simple_varpihg  board,  used  for  preparing  the  warp,  is 
illustrated  in  Fig.  7.  _It  is_ a  flat  piece  of  wood  with  holes  drilled 
in  itj  the  dimensions  of  the  board  and  the  distance  between  the  holes 
ar*>  shown  in  the  illustration  (Fig_.  7l.    Pegs  are  fitted  into  the  holes : 
and  although  they  should  fit  tightly  for  winding  the  warp,  they  should 
be  removable  in  order  to  adjust  them  for  winding  warps  of  different 
lengths.    By  adjusting  the  number  and  groupings  of  the  pegs,  warps  of 
almost  any  length  for  the  table  loom,  described,  can  be  prepared.  The 
importance  of  sturdiness  in  the  warping  board  cannot  be  overs tressed. 
The  pegs_  should  be  substantial  in  make  anc*  they  should  Tirmly  fit  into 
their  hbles—-the  strain  of  numerous  threads  wound  round  the  pegs  can 
be  considerable. 

_Tb_ prepare  the  warping  board  for  a  $1  inch  warp  (the  length  of  the 
scarf  plus  an  allowance  for  wastage),  set  the  pegs  in  the  board  as 
illustrated  in  Fig.  7.    Only  half  the  board  is  used,  and  only  seven 
pegs  are  set  in  holes  in  the  positions  shown  in  the  illustration. _  To 
clarify  these  instructions  the  pegs  have  been  numbered  from  1  to  7- 
The  peg-holes  in  this  board  are  three  inches  apart,  and _ if  those  used 
in  Fig.  7  are  counted  it  will  be  noted  that  there  are  17  three-inch 
spaces  between  peg  No.  1  and  peg  No.  1.    Thus  the  length  of  the  varp 
is  regulated  at  £l  inches .     (It  will  be  obvious  that  by  changing  the 
posit ions  of  the  pegs  in  the  holes  longer  or  shorter  warps  can  j»  pre- 
pared on  the  board.) 
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Fig.  7.    A  WAHPINO  ^OARD 


After  positioning  the  pegs  awl  setting  them  firmly  in  their 
holes  to  take  the  strain,  of  the  threads  of  yarn,  the  .end  of  the  yarn, 
the  end  of  the  yarn  should  be  tied  to  peg  No.  1.    When  firmly  tied 
it  should  be  taken  along  to  peg  No.  2  which  passes,  and  should  cross 
outside  this  peg  to  the  inside  of  peg  No.  3_;_  Continuing  round  the 
board  to  the  right  the  yarn  should  l>e  brought  round  the  outside  of 
peg  No.  h  then  along  the  end  of  the  board  round  the  outside  of  peg 
No.  5.    From  peg  No.  _$  the  yarn  should  be  taken  round  the  inside  of 
peg  No.  6,  then  round  the  outside  of  peg  No.  7.    This  completes  the 
winding  of  the  first  warp  thread. 

To  wind  the  second  warp  thread  on  the  numbered    pegs,  keep  the 
tension  oh  the  yarn  and  bring  it  round  peg  No.  7.    From  prg  No.  7 
pass  the  yarn  round  the  outside  of  peg  No.  6  (this  is  in  opposite 
order  to  the  first  wind)  i    Continue  rotuxl  t^e  outside^  of  pegs  No.  U 
and  5  it  the  cbrnergj  outside  peg  Nbi  3^  over  the  first  thread  awl 
inside  peg  No.  2  jto^peg  Noil  which  the  yarn  is  wo^nd^  round  to  com- 
mence the  third  warp  thread.    Continue  windtag  thp_yarh  round  the 
numbered  pe^s  in  the  same  order  until  51  threads  are  wound  bh.  Keep 
the  tension  on  the  yarn  even  all  through  the  winding  prbcessj  this  is 
very  important,  and  if  care  is  taken  at  this  stage  to  keep  the  tension 
even  much  trouble  will  be  saved  when  the  warp  is  bh  the  loom.  To 
secure  tee  warp,  tie  the  yarn  at  the  end  of  the  51st  wind  f  innly  to 
peg  No.  7. 
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Bbfbre  removing  the  warp  from  the  board  the  crosses  shoulrt  be 
tied.    These  crosses  are  identified  in  the  illustration  (Fig.  7)  by 
their  hanes;  the  crossed  threads  between  pegsz-^Tand  3  form  the  "Porrey" 
cross^  and  the  crossed  threads  between  pegs  6Vansri  7  form  the  "Portee" 
cross;    To  tie  the  crosses,  pass  a  pie 6e  of  cord  through  the  threads 
at  each  side  of  the  crosses  (as  illustrate??  in  Fig.  7)  and  tie.  the 
cford^    Of  the  two  crosses,  the  porrey  is  the  most  important..  After 
tying  the  crosses,  the  warp  can  be  renoved  from  the  warping  board. 
There  is  a  certain  way  to  remove  the  warp  from  the  hoarc-  to  prevent 
the  warp  threads  becoming  tangled.    To  reffibve  the  varp^  ease  it  off - 
the  pegs  (if  it  is  very  tight  remove  the  corner  prgs—Nos.  h  and  5); 
hold  the  warp  t ith  the  left  hand  at  the  pgr tee  cross  (as  shown  in  the 
illu  st  ration— -Fig.  8)  and  place  the  right  hand  throufh.  the  looped 
three ds  at  the  top  of  the  warp;  when  doing  thiS_be  careful  not  to 
disturb  the  t  reads  more  than  can  be  avoided.    Turn  the  right  hand 
down  to  grasp  the  warp  under  the  portee  cross  and  draw  thr  threads 
throuch  the  first  leep,  thus  form: ng  a  second  loop.    Repeat  this  pro- 
cess by  again  placing  the,  right  hand  through  the  second  loop,  grasp- 
:np  thr  warp  thrrads  and  plying  them  through  th*  second  lobf  to  forn 
a  th;*t5  loop  and  continue  to  the  end  of  t^e  vorp.    This  is  knevn  as 
"Chaining"  nti  is  similar  to  the  single  crochet  stitch  of  that  riamo. 


Fig.  8.     CHAINING >rT  'rAPF 
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It  is  sugi.ested\.h.at  the  beginner  should  practice  several  warps 
until  the  process 'is  thoroughly  understood  I* fore  prr paring  the  warp 
Tor  the  scarf— the  practice. warps  can  be  prepared  vith.  string,  and 
not  only  should  practice  be  carried  out  in  preparing  the  varp  on  the 
warpirg  board,  but  also  in  chaining  tve  warp,  and  releasing  the  cha:n: 
.men  the  end  of  the  warp  at  the/last  chain  is  pulled  it  should  slide 
frpely  from  the  loop  above  it;-   It  may  le  found— before  experience 
is  gained  in  practice— that  although  the  worker  was  careful  in  form- 
ing the  cha-n  not  to  disturb  the  threads  in  the  warp  they  nay  be  in- 
advertently twisted  and  the  chain  is  locked.    If  this  happens,  the 
•  threads"  should  not  be  tugged  to  rele-.se  thern^ tugging  will  only  tighten 
the  lock  in  the  chain,  and  the  only  way  to^fce lease,  it  is  to  pass  the 
ot^erend  of  the  chain  through,  the  first  loop.,  unchaining  the  warp 
and  forming  the  chain  afresh.    Time  spent  in  practice  at  this  stage 
is  rtever  Wasted.  n 

Setting  up  the  Loom:    After  preparing  a  sound  varp  "or  the 
scar"  it  is  rr.-;dy  for  "beaming".    :  earning  is  the  term  used  to  des-  _ 
cribe  the  process  of  f  itting  thr:  warp  tc  the  loom.    There,  are  several 
vavS  of  dbi'hg  this  which  may  vary  considerately  according  to  the  type 
and  manufacturer  of  the  loom,  and  for  the  table  loom  ronuionec  in 
this  chapter  a  simplified  form  of  bearing -is  described. 

Fir--t  pkas  the  two  shed-sticks  through  the  end  of  the  warp- 
one  each  side  o*.  the  porrey  cross— as  illustrated  in  Fig.0.  Spread 
t}.«.  waip  between  the  shed -sticks  t  read  by  thread  in  order,  to  a 
width  of  11  inches  (the  width,  of  the  scarf),  and  tie  the  ends  of 
the  s'-cd-sticks  to  the  front  roller*-,  xrtiich  should  then  be  placed  in 
the  slots  at  the  front  of  the  frame.    Next  clamp  the  heddle-reed  to 
the  .'rame  (illustrated  -in  Fig.  9). 

The  next  part  of  the  work  is  N»st  done  by  two  persons;  one  at 
the  lac  -  of  the  loom  and  the  other  at- the  front.    The  person  at  the 
iack  of  the  loom  should  have  a  crochet  hook  to  pass  through  the  holes 
in  the  hedfle-reed  .or  the  person  at  the  front  of  the  loom  to  hook 
-the  looped  threads  on.    After  each  looped  thread  is  hookec  on  the 
crochet  hco'-  it  should  be"  dram  hack  through  the  holes  in  the  heddle- 
reed  and  passed  over  one  b"  the  dowel  rocs  fror,  the  back  roller  of;; 
the  loom.    The  honking  and  looping  should  commence  in  the  center  of  . 
the  spread  varp,  working  a  central  loope'd  thread  of  the  warp  through 
a  central  hole  in  the  heddle-reed,  and  after  passing  the  looped  thread 
through  the  hole  in  the  heddle-reed  (this. hole  is  known  as  a  "dent  ) 
and  ra-si Hg  the  loop  over  the  dowel  rod,  the  remaining  threads  should 
be  raised  through  alternate  dents  in  a  definite  order.    After  securing 
the  first  thread,  take  ' the  thread  he:  t  tc  it  and  pass  that  one  through 
the  next  dent  but  one  from  the  first  one  and  loop  it  over  the  dovel 

. .-;       -        ^         *  » 
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The  thirc.  thread  treated  should  te  the  next  thread  oh  the  other 
side  or  the  first  thready  arid  the  vork  of  threading  should  proceed 
in  trie  same  order— that  is  frcm  the  center  working  alternately 
from  side  to  side;    It  is  of  the  greatest  importance  to  take  care 
vith  this  part  of  the  work  not  to  get  the1  threads  tangled  and  cross- 
ed. 

After  passing  all^ the  threads  of  the  v§.rp  through  alternate 
dpnts  in  the  heddle-reed  and  looping  them  over  the  dov»ei  rod,  the 
rod  should  re  secured  tc  the  canvas  of  "th^.fs?^  roller  and  firmly 
tdedj  as  illustrated  in  Figi  9.    "he  next  thing  to  ro  is  to  unchain 
the  varpji  and  holding  it  at  the  rnd^  r  nsure  that  all  the  threads  are 

.irriy  fastened  to  the  beam  at  the_back  o?  the  loom  and  that  the 
trrir:'cri  5  s  even  throughout  the  varp; 


Fig.  ?.    hREPA  ilNG  THE  TABLE  LOOK 


Still  holding _the_warp  taut,  commence  turning  the  roller  back  in  its 
groove;    As  the  carr   s  is  taken  upj  strips  of  stout  brown  paper_ 
slightly  wieer  than  ;he  vzrp  should  be  inserted  between  the.  roller 
and  the  warp.    Keep  the  tension  on  the  warp  and  when  about  10  inches 
of  the  varp  is  left  in  front  of  the  clamped  heddle-reed  lock  the 
back  roller,     release  the  shed-sticks  from  the  front  roller  and 
insert  them  through  the  varp  behind  the  heddie-reed  under  and  over 
to  form  a  cross  iil  the  varp  between  them,  as  illustrated  in  ?ig*  9. 
After  do<ng  this,  cut  through  the  loops  of  the  varp  threads  at  the 
front  of  the  Idem,  and  wind  the  back  roller  to  draw  the  cut  threads 
through  the  dfrits  in  the  heddle-reed,  until  they  hang  from  the  back 
roller,  as  show*  in  Fig.  10.    At  this  stage  the  warp  is  how  ready 
Tor  eriterrng,  which  simply  means. that  the  threads  must  once  again 
be  parsed  through  the  cents  of  the  heddle-reed  in  their  proper  order 
and  this  tiir«  back  to  front. 


Pig*  10.    ENTERING  THE  KAHP 
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It  ±8  advisable  for  two  persons  to  do  the_ entering  or  thread- 
ing^ and  the  person  at  the  front  of  the  loon  should  have  a  crochet 
hook.    Commence  again  at  the  center  of  the  warpj  the  person  at  the 
front  of  the  loom  should  put  the  crochet  hook  through  the  center  dent 
of  the  heddle-reed,  and  the  person  working  at  the  back  of  the  loom 
should  bend  the  end  of  the  center  thread  aroi  fasten  it  over  the  hook, 
which  is  then  drawn  through  the  dent.    The  second  thread  of  the  pair 
should  be  passed  through  the_ space  between  the  dehtsj  this  threading 
and  spacing  should  be  carefully  done  not  to  cross  any  of  the  threads. 
Work  from  both  sides  of  the  center  of  the  wrap  in ^ alternate  order 
and  when  12  threads  have  been  passed  through  the  heddle-reed^  secure 
them  to  the  dowel  removed  from  the_ canvas  of  the  front  roller,  ^he 
threads  should  be  tied  to  the  dowel  in  the  manner  illustrated  in 
Fig.  lb,  and  the  work  of  entering  should  be  continued  ,  trying  each 
group  of  12  threads  until  the  last  threads  at  the  sides  of  the  warp 
are  reached—a  rter  trying  eight  groups  of  12  strahes  each  to  the 
dowel  rod;  the  last  tie  each  sioe  should  consist  of  six  threads 
each,  this  making  a  total  of  110  warp  threads  in  allj  including  the 
two  extra  each  side  allowed  for  the  selvedge. 

When  tying  -las  been  completed  the  hedclerreed  may  be  released 
from  the  clarr^s  and  moved  to  the  back  of  the  Iboraj,  and  the  dowel 
rod  should  be  firrhiy  tied  to  the  rbdded  canvas  (see  Fipi  10).  Make 
any  adjustments  necessary  to  the  ties  to  evenly  tension  the  warp, 
unlock  the.  back  roller j  and  wind  the  front  roller  round  (with  the 
canvas  rolled  over  the  top)  to  prepare  the  loom  behind  the  heddle- 
reed,  as  in  Fig.  10.    *he  loom  is  now  ready  to  receive  the  weft.  Bty 
raising  and  lowering  the  heddle-reed  it  will  te  found  that  the  shed 

is  opened  for  passage  of  the  shuttle^  towering  the  heddle-reed  presses 

down  the  alternate  strands  threaded  through  the  dents  below  the 
threads  between  the  dents y  imdjraising  it^ reverses  the  action,  so 
that  if  the  heddle-reed  is  alternately  lowered  and  raised  the  shed  is 
opened,  in  the  correct  order passage  of  the  weft^  to  form  tat  by  weave. 
The  scarf  is  woven  in  the  same  way  as  on  the  sircple  practice  loom 
previously  described,  byjworking  the  shuttle  across  the  shed,  rolling 
the  web  back  as  it  is  cbirplptedi  and  knotting  a  fringe  at  the  ends. 
The  only  difference  is  that  between  each  pick  the  heddle-reed  is 
brought  back  on  the  warp  tc  beat  up  the  pick.    Goiour  schemes  and 
patterns  can  be  vbrT'ed  out  oh  squared  paper  as  is  also  the  method  of 
wimiihg  the  bobbin  of  the  roller  shuttle ^  if  it  is  used  at  this  stage. 
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Dyeing  Wool:    Wool  is  obtainable  in  three  different  conditions: 
tnese  are  "In  grease"  wool,  "w?rhed"  wool  and  "scoured"  wool,  "In 
gr*aseM  wool  is  so  called  because  it  is  supplied  in  its  original 
state  of  impurity  and  has  hot  been  trashed  to  remove  the  grease, 
"'•ashed"  wool,  as  its  name  implies,  has  1-ecn  washed  to  render,  it 
clean,  and  has  had  some  of  the  grease  removed;    "Scoured"  wcol  is_ 
wool  that  has  been  made  perfectly  Clean  with  all  grease  and  impuri- 
ties removed. 

Before  commencing  to  dye  wool,  it  is  important  to  make  certain 
that  your  wool  is  free  from  grease,  and  if  "in  grease"  wool  or  "wash- 
ed" wool  is  to  he  dyed,  it  should  first  te  washed  to  free  it  from 
all  traces  of  grease.    T>  e  wool  is  vashed  in  '.rater  to  which  ajnnorrta 
anr  soft  soap  are  added  in  the  followir.g  proportions,  which  are 
given  "or  a  ten-gallon  bath:    to  ten  gallons  Of  water  add  6  oz.  of 
anrr.on: a  and  2  oz.  of  soft  soap. 

After  irixing,  heat  the  water  to  a  temperature  of  not  rrore  than 
1JL0  dee.  Fahrenheit.    Care  should  be  taken  in  washing  wool  not  to 
frit  itj  the  water  should  not  be  too  hot,  and  while  washing  it  the 
wool  should  be  squeezed  as  little  as  possible.    When  the  wool  has 
been  tnbrourhiy  washed  and  is  free  from  grease,  dyeing  and  mordant- 
ing should  be  proceeded  with*    There  axe  several  methods  of  dyeing 
wool  accordinc  to  the  nature  of  the  dyej  these  are  given  as  under: 

(1)  ^ome  dyes  c'o  not  require  mordanting  and  the  wool  can  be 
hen ted  direct  in  the  dye. 

(2)  The  wool  can  be  heated  with  the  mordant  and  dyed  in  the 
same  hath;  — 

(3)  The  wool  is  separately  mordanted,  then  dyed  and  after 
dyeing  is  morc.nted  again.    This  method  ensures  that  the 
dyes  will  be  extremely  fast. 

(Ii)    Wit-,  this  method  the  wool  is  heated  first  with  the  dye 
and  when  it  has  absorbed  colour  the  mordant  is  added  to 
the  bath  to  fix  the  colour. 

Mordanting  should  be  carried  out  as  follows,  there  being  some 
slight  difference  in  the  method  of  using  two  mordants: 

Alum:    Fill  your  bath  with  sufficient  water  to  cover  the  wool, 
then,  before  placing  the  wool  in  the  hath,  add  alum  in  the  proportion 
of  -ii  lb.  of  alum  to  every  i  lb.  of  wool  being  dyed.    When  the  alum 
has  dissolved  in  the  water,  the  wool  should  he  put  in. ..Heat  the 
bath  and  bring  the  water  to  a  temperature  of  1)0°F.,  stirring  occasion 
ally;  and  a'ter  one  hour  at  this  temperature  take  out  the  wool  and 
vrap  it  in  a  cloth  while  it  is  ztitt  damp.    After  wrapping  the  wool 
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Quantity 

of  nool  Dyestuff  Mordant 


Brdvn     3  lbs. 


Telle* 


lelloiiy 


Crinson 


Tine  and  Method 


Tine  of  year  tfenarks 


None 


Soil  sneiis  and  cool.  Enter  When  nuts 
wool,  ifcat  for  1  hour  at       are  ripe 


3  lbs.  6  lbs.  fresh  y/k  lb,  Boil  leaves  for  1  hour,  iter 
birch  Alum  vool,  Heat  IftJ*  for  3}  hours 
leaves 

3  lbs.    Mignonette    )/k  lb.  Boil  for  3  nours,  Enter  wool, 

Heat  for  1  hour  at  W 


3  lbs.    Nettles       }/k  lb.  Boil  nettles  for  1  hour,  tar  Durii« 

Alum  wool.  Heat  for  1*  hours  at  hay 
W 

3  lbs.    i+j  08.      3/4  lb,  Bring  to  li*0\  Sinner  for  1     All  the 

Cochineal  Alii  u|  6a.  hour,  later  vool,  Keep  at  year 

3. dessert-  creaa  of  tenperature  of  HjO1  for  2 

cotsasn      tartar  hours 
salt 


Use  whole  plant. 
Gives  very  fajt 
colour 


Hany  shades  can 
be  obtainod  by 
varying  the  quan- 
tities 


Rust 


Grey 
Blue 


3  lbs,    lb  oz.      As  above 
Hadder 


Bring  to  W.  Sinner  for  20 
nins.  la&er  vool. 
to  sinner  for  1  hour 


AH  the 

year 

round 


3  lbs,  J  ibs, 
crushed  sloe 
berries 


Boil  berries  for  1  hour.  anter  Autunn 
vool  and  heat  for  1  hour  at 
UiO'F. 


berries  in 
a  muslin  bag  to 
boil 
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it  should  be  left  Tor  two  or  three  daya^  and  before  dyeing  should 
be  lightly  washed  to  rid  it  of  superfluous  mordant* 

Chrome:    To  rtx  a  chrome  mordant,  fill  a  bath  with  suff icient 
water  to  cover  the  amount  of  wool  to  be  treated^  and  add  the  water 
before  placing  the  wool  in  the  bath  3  oz.  of '  chrome  to  1  lb*  of 
wool.    Allow  th?  chrome  to  dissolve,  in  the  water,  place  the  wool 
in  the  bath,  bring,  the  .water  to  a  temperature  of  2iiO°F.  and  main- 
tain it  at  this  point  for  three-quarters  of  an  hour* 

A  dyeing  chart  for  wool,  which  gives  full  information a^out 
colours,  quantities  to  be  dyed,  description  of  the  dyestuff, 
mordants,  arid  the  tirce  for  dyeing  is  given  in  Table  1. 

It  is  important  in  all  stages  of  preparation  of  mordant  and 
dyeing  wool  nbt  to  allow  the  temperature  of  the  bath  to  exceed 
llC°F.  or  the  material  may  be  thickened  and  damaged. 

Silk:    The  dyeing  of  silk,  providing  information  of  colours ^ 
quantities,  dyestuffs,  etc.  is  given  in  Table  2. 

Silk  is  bbtai nable  for  hand  weaving  in  two  kinds,  one  of  

which  is  w:.ste  silk  (vhich  is  generally  known  as  Spun  silk;,  the 
other  variety  is  raw  silk.    Haw  silk  is  coated  with  a  guiroiy  sub- 
stance which  has  to  be  removed  bef  ore  it  can  be  dyec.    To  clean 
raw  silk  place  it  in  a  canvas  bagj  which  should  be  tied  at  the 
mouth,  and  heat  it  in  a  strong  solution  of  soap  for  several  hours 
until  all  the  gummed  coating  is  removed. 

Silks  for  hatxl-i6ora  weaving  can  be  dyed  in  the  same  way  as 
wool,  but  lower  tenreratures^  are  used  in  the  dyeing,  of  silk  than 
used  in  dyeing  w661»    In  some  cases  soaking  in  a  cold  solution  of 
the  mordant  is  sufficient  preparation  of  the  silk.    For  treating 
bright  coloured  silks  an Jtlum  mordant  sKbuld  be  used}  if  it  is 
necessary  to  brighten  the  colours^  tin  mordant  should  l»e  used. 
When  black  dyes  are  to  Se  used  an  Iron  mordant  is  required. 

To  prepay  Alum  mordant  for  silk ^  dissolve  3  lbs.  of  Alum  awl 
3  oz.  of  chalk  in  a  gallon  of  watery    Add  2  lbs.  of  white  acetate 
of  ler:d.    Stir  the  mixture  occasionally  and  allow  it  to  remain  Tor 
about  thirty-sir.  hours.    A*'ter  the  final  stirring  let  the  mixture 
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tied 


of  silk  tyestuff  Mordant 
lib. 


Black     1  lb. 


Grey      1  lb. 


lib. 


J  lb.  lad- 

Alum 

der  2  02. 

Acetate 

Flavin  1 

oz.  Tin 

6  oz.  £bg- 

Alum 

wood  3A  02  •  Acetate 

Flavin  1  oz. 

> 

Iron 

A  quantity 

1  oz. 

of  Bracken 

Iron  2 

tips 

oz.  Cream 
Tartar 

J  oz. 

1  oz, 

Cochineal 

Tannic 

1  oz.  Tin 

Acid 

Brown     1  lib. 


quantity  of  Alum 
lichen  accorct-  Acetate 
ing  to 


Time  and  Method 


Time  of 
year 


Mer  Tin  in  a  cold  bath.  'Mix  All  the 
Flavin  and  Madder  to  paste.  year 
Add  to  bath  and  bring  to  boil,  round 
inter  silk  and  heat  16  rains, 
at  HjO'  F.  Hash  in  soap. 


AH  the 


Mix  all  dyestuffs  together  in 
bath,  filter  silk  and  heat  |  year 
hour.  Bash  thorough,  round 


Boil  quantity  of  young  jfhen 
Bracken  tips  for  £  hour.     '  Bracken  tips 
Strain.  jSnter  silk  and  heat  available 
for  \  hour 

Dissolve  1  oz.  Tannic  acid      All  the 
in  not  water,  inter  silk  and  year 
leave  for  2k  hours.  Hinse  round 
weH.  In  clean  bath  put  k  on 
cocnineal.  inter  silk  and  heat 
till  blue  colour  develops. 
Lift  silk.  Add  1  oz,  cocnineal 
and  1  bz.  tin.  Re-enter  silk, 
iieat  well,  rfash  in  soap. 

Put  into  <fye  batn*  Quantity  of  rfhen 

lichen.  Add  1  tsp.  acetic  acid,  lichen  • 

Men  silk.  Heat  for  1  to  3  obtainable 
hours  at  ffi  F. 


Remarks 


Put  dyestuffs  in 
muslin  bag  to 
boil. 


While  silk  is  in 
tannic  acid  bath 
stir  from  tiro  to 
time* 


Vary  the  quantity 
of  lichen  to  ob- 
tain different 
shades  of  crown. 
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stand  for  twelve  hours  arid  decant  the  clear  liquor*    To  the  residue, 
add  two  gallons  of  water  and  leave  it  twelve  hours.    Decant  it  and 
add^the  clear  liquor  to  the  first  decanted*    Stir  and  bottle  the 
mixtures 

VJhen  using  the  mixture^  add  two  parts  of  it  to  one  of  water 
and  >:ork  the  silV  into  the  solution^  Leave  it  in  the  mixture  for 
two  hours i  then  tae  it  out  and  allow  to  dry.    After  drying,  wash 
it  well  in  clean  water  before  dye  inf. 


dotton:    Cotton  is  difficult  to  dye  unless  it  has  first  been 
mercerised,    (Jotton  is  always  best  dyed  with  chemical  dyes^  and  it 
should  be  boiled  in  Alum mordant,  th<»n  boiled  in  dye^    Before  com- 
mencing mordanting  and  dyeing  cotton,  it  should  be  boiled  for 
several  hours  to  completely  rid  it  of  all  impurities. 

Dark  coloured  cottons  should  be  boiled  in  plain  water,  r'or 
boiling  light  coloured  cottons^arbonate  of  sckJ«*  should  be  added 
to  the  extent  of  jif  per cent  (by  weight)  of  the  quantity  of  water 
used,  or  caustic  soda  may  be  usee,  in  which  case  the  quantity 
should  be  only  2  per  cent. 

Brown  cotton— -uhen  dyeing  use  a  chrome  mordant;  boil  the 
cotton  first  in  the  dye,  then  boil  it  in  the  chrome  solution  for 
a  short  tine.    For  treating  pile  and  light  coloured  cotton,  use  a 
tannic  acid  mordant,  adding  10  per  cent  of  tannic  acid  by  volume 
to  the  water. 

In  the  last-named  case,  the  bath  may be hot  or  coldj  tut  if 
hot,  tiie  temperature  should  not  exceed  lio0F^hrenheit.    Work  the 
cotton  in  the  mordanting    solution,  then  leave  it  to  soak  for 
twelve  hours.    After  soaking,  wring  it  out  and  wash  it. 

A  dyejng  chart  ^or  cotton,  showing  colours,  dyes tuff a,  quanti- 
ties, mordants,  tire,  etc.  is  in  Tal.les  3  and  h  (Linen  is  dyed  in 
the  same  vay  as  cottcn). 

Hants  for  DyeColourss    Plants  for  making  red  dyes  ares 
Birch,  Common  Sorrel,  >"hite  Madder,  Fotentil  and  ^omwell. 

Plants, for  making  blue  dyes  are:    Slder,  Privet,  3ioe,  Woad, 
and  Yellov  Iris. 

Plants  Tor  naming  yellow  dyes  are;    Ash,  Barberry,  Kirch  

leaves^  Gprse,   'og  Kyrtle,  bramble,  Broom,  Grab-apple,  Marsh  Mari- 
gold, Nettle,  Pear  and  Flum. 
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Mi  3.  SIHFH  BflS)  ew  FOB  COTTON 


of 

Cotton 


Mordant 


Wb  and  Method        Time  of  year 


Hid 


i  lb*   12  ozs. 


Ml 

CO 


BoU  oVt  in  soda,     Add  Madder  to  cold 
wwbdd  dry.  Steep    bath.  Enter  cotton 
overnight  in  a  tot     and  bring  to  boil  in 
bath  of  ij  oi^tumie  1  boar.  Rinse  and  re- 
acid.  Dry,  then  steep  dp  as  abore.  Rinse 
in  cold  solution  of  \  in1  ton  bttb  vith  2 
lb.  alun  and. |  os.     ois,  soap.  lash  and 
chaUc  dry.  Add  2  ots.  dry, 
■ore  alia  and  steep  as 
before,  Vain  and  dry*  -  •• 


Any  tiM 
of  year 


All  cotton  should 
be  Bsrcerised 
before  dyeing. 
See  text. 


Isllov    lib.  ljot. 

Flavin 


Steep  orerniaht  i»  hot  Add  Flwin  to  cold  Aiytitt 
bath  vita  lj oi,  tannic  bath.  Bring  to  boil  of  year 
acid.  Bring  dry.  m .  and  tye  aiovly, 
in  bath  containing  \ 
lb.  alun.,  |  of  chill 
(dry),  Pass  through  weak 

Return  to  alia  bath  ant 
repeat  process  Vasfc 
veil, 


k  ois.  Oalli  ny 
be  used  in  place 
of  Tannic  Acid, 
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TABLE  u  (continued  from  Table  3).  SIMM  DMfJG  CM  FOR  COiTON 


Colour  Quantity  of  Dyestulf 
cotton 


Mordant' 


Time  and  Method 


Broun     2  lbs. 


12  ozs. 
Fustic 


md 


Black     2  lbs. 


12  ozs. 

£og- 
wood 

2|  OZS. 


0  ozs, 
fustic 


Time  of 
year 


Put  2  02s.  cutch  and  Enter  edition  in  cutch  Any 
1 02.  enrone  in  sepa-  bath.  Boil  for>20  tine 
rate  baths  ains,  wring.  Boil  ID  of 

nins,  in  chrome  oath',  year 
Add  6  028.  of  fustic 
to  cutch  bath,  titer 
cotton.  RejwatSpro-t 
cess  till  shade  re-' 
quired  is  obtained, 

i 

Wash  cottonj  steep     Mix  dyestuffs  in  cold  Any 
overnight  in  hot  bath    oath.  Uhter  cotton  tine 
containing  2  ozs*  tannic  and  bring  to  boiling  of 
acid,  wring  out  and  work  point.  Boil  for  \  year 
in  lj-  02,  soda  bath  at  hour,  Pass  tnrough 
temperature  of  J>0'  to    vara  solution  of  loz. 
60'  C.  Wring  and  work  in  chroae.  Wash  and  work 
cold  bath  containing     t;roogh  vara  oath  con- 
oz.  copper  as  for  §  hour.taining  soap*  ; 
Return  to  scda  batn  for 

X  'WUTi  ,  ' 


Aeinarks 


Colour  |^e 
darkenef'by 
adding  i 
draciiro  of  cop- 
per 


To  obtain  Greys, 
Dye  with  1  to 
5  per  cent,  of 
logwood  after 
mordanting  in 
iron,  I 


1 


Hants  for  brown  dyes  are:    Hop,  Onion,  L?rch,  Oak,  Walnut, 
arid  Dulse  Seaweed. 

Plants  for  purple  dyes  are:    Dandelion,  ^eac'ly  .  Nig'itshade^ 
Dock  and  far adowsweet^  arid  it  must  be  recbgriised_that  many  of  the 
plants, included.  ih_ these  lists  are  poisonous.    They  must  We  handled 
carefulJy  and  should  be  safely  stored  to  prevent  any  da'rrape  or 
danger  of  accidents. 

In  arditibri  to  the_plarits  lister  abbvej  dyes  may  he  mace  from 
lichen.   _Mariy  ordinary,  lichens.  ihaf:e_ extremely  good  . fast  dyes  of 
s '.  adf:S  of  brovn,  and  they  are  largely  used  in  the  Highlands  arid. 
Western  Ireland.    For  dyeing  materials  bro*:n,  no  mordant  is  needed 
with  lichen  dyes  and  the  colours  are. the  fastest  known  in  the 
vegetable  group.    The  lichens  are  collected  in  the  summer,  in  July 
and  August,  and  a^ter  drying  in  the  sun  are  put  into  a  bath  con- 
taining sufficient  water  to  cover  them,  and  the  water  is  then  boiled. 

After  the  lichen  dye  bath  is  cool,  cotton  may  bo  innersed  in 
the  liquid  anc  then  coiled  until  the  sl ade  of  brovn  required  is  ob- 
tained. 

'  The  information  given  above  is  sufficient  to  enable  the  home 
weaver  to  dye  materials.    There  are^  of  course^  other  d\es  and 
mordants j  but  those  descri- ed  ire  the  ones  chiefly  used*    It  is,  of 
course^  obvious  that  yarns  should  be  dyed  before  they  are  woven  into 
textiles. 

Finishing  Treatments  of  Textiles :    After  weaving  textiles  on 
hand  looms,  sore  treatment  may  be  necessary  ^°_??nl?S  t^??*  and  there 
is  some  difference  of  treatment  for  various  kinds  of  yarnsi  ^oft 
water  is  rest  for  treatment  of  the  finished  fabrics,  and  in  the 
case  of  wool,  if  the  water  is  hard*  aimionia  should  be  added . 

Etef  ore  woven  textiles  are  vas  hed  they  should  be  carefully 
examined  in  a  pood  light  for  faults,  and,  if  possible,  any  found  • 
should  be  rectified  before  the  material  is  inishrc. 

To  wash  twer*^  which  is  woven  wool  yarns,  place  the  tweed  into 
warn  soar.y  water^  which  should  not  be  too  hot.    ^??Ye  the  tweed  to 
soak  for  about  twelve  hours ,  then  repeat  the  process,  following  by 
rinsing  in  clear  f^ateri    ah  the  grease  is  removed  when  the  tweed 
r.cu*aVs  in  the  fingers.    After  washing,  rinse  the  tweed  thoroughly 
in  v=nn  water  and  wrinc  it  cy  twisting. 
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After  wringing  the  tweed  before  it  is  nearly  dry,  roll  it 
round  a  smooth  sticky  which  should  afterwards  be  wittxirawn  from 
the  roll.    Leave  the  lengths  of  tweed  rolled  for  several  hours 
arid  then  press  lightly  with  a  warm  iron.    This  treatment  is  for 
yarns  which  have  been  oiled  to  make  the  process  of  weaving  easier. 

Unoiled  wool  should  be  washed  in  warm  water,  adding  a  little 
soap  only,  and  should  be  wrung  but  but  hot  twisted  too  hard,  then 
hung  until  nearly  dry  before  rolling  over  a  smooth  piece  of  wood, 
lat*r  ironing  with  a  moderate  iron. 

To  finish  linen,  place  it  in  a  bath  of  hot  water  and  add  soap 
if  the  linen  is  dirty.    After  soaking,  put  the  linen  through  the 
mangle,  then  hang  to  dry  before  rolling  it.    After  the  linen  has 
been  rolled  for  several  hours  it  should  be  ironed  on  the  wrong  side 
of  the  material  with  a  hot  irons 

Woven  silk  should  be  soaked  in  warm  vater  only,  then  squeezed 
to  remove  as  much  water  as  possible,  and  after  hanging  until  nearly 
dry,  it  should  be  ironed  on  the  wrong  side  of  the  material  with  a 
moderately  hested  iron. 

To  finish  cotton,  soak  it  in  clear  warm  water  and  only  adci 
soap  if  the  cotton  is  dirty.    After  soaking_squeeze  out  as  much 
water  as  possible,  hang  the  cotton  to  dry  and  when  nearly  dry, 
iron  it  on  the  wrong  side  with  a  fairly  hot  irons 

Rayon  should  be  finished  in  clear  warm  water  and  soap  should 
not  be  added  unless  the  work  is  dirty.    When  wringing  out  rayon 
handle  it  very  carefully,  hang  the  material  until  it  is  nearly  dry 
and  iron  with  a  warm  iron.    A  hot  iron  should  not  be  used  bh  vayon. 

With  finishing,  as  in  any  other  part  of  band -loom  weaving^  ckre 
should  he  taken  at  all  stages  of  the  works    It  should  be  remembered 
that  although  the  basic  principle  is  such  a  simple  one j  there  is 
much  more  to  hand -weaving  than  merely  darning  yarns. 
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SUN  DRTDC  IOUR  FRUITS  AND  VEGETABLES 


For  Greater  Health  for  Your  Family 


Drying  the  surplus  food  In  the  season  of  plenty  can  man  more 
good  health  foods  for  the  family  in  seasons  when  these  foods  are  not 
available  fresh*    It  can  add  variety  to  the  diet  and  make  cooking 
easier  because  there  are  more  foods  from  which  to  plan  meals*  Dry- 
ing is  not  difficult  and  it  requires  very  little  equipment.    For  the 
equipment  yo\x  can  use  tilings  you  already  have  or  can  make  the 
necessary  pieces  easily  at  homo*    Drying  need  cost  nothing. 


Just  What  is  Drying? 

Drying  foods  does  two  things*    (1)  It  removes  the  water  and 
(2)  it  checks  the  chemical  change  that  takes  place  naturally  in  food, 
as  for  exaaple,  fruit  when  It  ripens* 


WHAT  POODS  CAN  TOU  PHI? 


Many  different  foods  are  being  dried  today  in  various, parts  of  the 
world*    Some  foods,  which  In  one  country  may  seem  unsuitable  for  dry- 
ing, axe  being  dried  in  others.    The  tomato  Is  an  example  of  this*  In 
the  United  States  It  has  been  less  conmonly  dried  than  some  other 
'vegetable**  In  some  Riddle  East  countries  it  has  been  dried  frequently. 

Here  are  sbms  of  the  foods  most  TOmronly  dried*    They  have  been  .   

divided  into  two  groups;  those  which  are  easier  and  those  harder  to  dryi 


FRUITS 


EASIER 


HARBBR 


AFPLBS__ 
APRICOTS 
CHERRIES 
OOCOANUT 


VUuAXJO 


BANANA 
BREAD  FRUIT 
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DATES 

FIGS 

GUAVA 

NECTARINES 

PEACliES 

PEARS 

PLUhE 

PRUNES 


BEWBERiOS 
LOGANBERRIES 
M/tFEI 
GRAPES 


BEANS  -  Mature - 

(Kidney,  lima,  Mongo,  Pint*, 

Pola,  Red,  Black,  Soy) 

BEANS  r  dried  In  green  state  - 

(Lentils,  Soy) 

CHILI  (Peppers) 

HERBS  (Parsley,  Celery  tops,  stcsj 

PEAS  -  nature  - 

(Sugar  pea,  Cow  pea, 

Chuck  pea, 

Pigeon  pea) 

SWEET  CORN 

?.7EET  POTATOES 

CASSA\A  ROOT 

ONION   

SOUP  HriTURE 


ASPARAGUS 

BEETS 

BROCCOLI 

CARROTS 

CELERY 

GREENS  -  (Kiritsay, 
Talinum,  Kangkong, 
Collards,  Bustards, 
Turnip  Tops ,  Beet 
Tops,  Sweet  Potato 

Leases)  

GREEN  SNAP  BEANS 
GREEN  PEAS 

OKPA  

PEPPERS 

PIMENTOS 

PUHPECN 

SQUASH 

TOFRTOES 


CLEANLINESS  EVERT  STEP  OF  THE  WAX 


Cleanliness  is  of  the  greatest  importance.    It  is  necessary  to 
follow  clean  practices  ervery  step  of  the  wayi   Wha^ causes  food  to  oe- 
ooiw  dirtyr    Dust  and  dirt  which  fall  on  the  food  may  contain  harmful 
bacteria.    Flies  or  other  insects  also  carry  bacteria  on  their  feet. 
Some  of  these  bacteria  may  cause  it  to  spoil  more  easily*   Here  are 
some  rules  for  keeping  the  food  clean  as  you  pick  it,  prepare  it,  dry 
it  and  store  it. 
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1.    Pick  or  collect  food  into  clean  containers* 
2*   W^sh  hands  before  handl±ng  food* 
3*   Wash  f odd  carefully  in  clean  water* 

h.    Cover  food  drying  on  trays  with  clean  clothe  to  keep  dust,  dirt 

flies ,  and  other  insects  out  of  it* 
5*   Wash  these  covering  cloths  frequently  in  clean  water* 
6*    Place  trays  of  food  while  drying  way  from  dust,  insects,  and 

flies* 

?i    Ne^r  lay  drying  food  directly  on  sand^^r  ground* 
8*    Stbra  in  tight  containers  from  which  dirt  and  insects  can  be 
excluded* 

9*    Scrub  traye  or  mats  after  using* 


OffiSK  THE  AIR 


If  you  are  thinking  of  drying  be  sure  you  have^  conditions  which^ 
will  bring  you  success*    Tbu  heed  to  have  these  three  for  the  best  re- 
sults. 


1*   BHIKE5&  OF  AIR— -Ants  ss  the  air  is  reasonably  dxy  the  moisture 

cannot  be  removed  from  the  food*    If  it  rains  all  the  tine  it 

will  be  hard  to  dry  food* 
2*  WARM  ,  OR  HQg_AlR--Hot  days  when the  mm  is  Ataing  J>rtg6t3y 

are  best  for  toying  food*    Then  the  food  can  be  dried  quickly, 

which  is  desirable* 
3«    ClRgPSA^ON  OF  AIR— There  needs  to  be  free  circulation  of  air 

around  the  drying  food*    Make  sure  that  air  can  reach  the 

foods  from  all  sides,  around  and  underneath >  as  well  as  the 

top  of  the  food* 

HOW  TO  DRT  FRUITS 


EQUIPMENT 


Equipamt  can  be  very simple  for  drying  ffruit*    In  order  to 
work  rapidly after  the  fruit  is  picked L  it  will  help  to  get  to  equip- 
ment ready  ahead  of  tiro.    Be  sure  it  is  c  la  an  a    You  will  need: 


1*    Sharp  knife— to  para  and  cut  fruits  {k  stainless  eteel 

knife  prevents  discoloration)  

2*   Wooden  board— to  neks  cutting  e*rter  

3s    Pah*  kettle  or  pot—In  which  to  wash  fruit 
Its    Equipment  for  sulfhuring: 

Large  box  to  oovtr  trays__  _ 
Sill  container  for  sulphur 
Sulphur 

Small  piece  of  paper 
Matches 

5,    Plenty  of  clean  waters   - - 

6#   Trays  or  mats  on  which  to  spread  fruit  to  dry.   Trays  should 

be  thoroughly  scrubbed  end  drted^  Seepage  43 J  for  suggestions 

regarding  materials  to  use  in  making  trays  and  for  directions* 
7*   Pieces  of  clean,  loosely  worsn  ctoth--6ne  format*  tray  or 

mat.    Each  piece  should  be  2  inches  (5 centimeters)  longer 

end  2  inches  (5  centiaaters)  wider  then  tray* 


BETING  FRUITS 


STEPS  HOW-WHT-WHEN 


1.   Gather  fruit 

a#-    Select  Sood  Quality  Pood 

The  fihisned  food  can  be  no  better  than  the  fruit  with  whicb 
you  starts    Select  fresh,  ripe,  firm  and  sound  fruit.  Oather 
it  as  early  in  the  morning  as  possible*   When  fruit  is  right 
for  eating  it  is  right  for  drying* 


Fruits  bruise  easily*  Handle  with  care* 
2*   Wash  fruit 

Place  fruit  in  pahs    Four  clein  waterjjver  fruit  s  Wish  carefully* 
Lift  fruit  froi  water.    Empty  water  from  pan  and  repeat  if  neoeasary. 
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-  Continued 


STOPS 


3*    Rwi  or  pit  fruit- -As  needed 

h.  Ch^t  fruit— needed.  Slice  into  thin  pieoes.  Thick  slices  dry 
slowly. 

5*  Sulphur  fruit  — >t>at  fruit  i a  improved  by  sulphuring.  Read  chart 
page  436  to  we  which  fruits  ahould  be  sulphured.  See  direction* 
page  413  for  how  to  sulphur* 

Why  Sulphur?    f*uit  has  better  color  and  flavor.    Fruit  requires 
less  soaking  before  cooking.    Sulphuring  helps  to:  retain  vitamins- 
prevent  souring  —prevent  insect  attacks « 

6.    Spread  fruit  on  clean  dry  trays  or  mats — Spread  evenly.    One  layer 
in  thickness* 


7.    Cover  with  loosely  woven  claan  cloth,  msqulto  netting*  or  wire 
screen*    To  keep  insects  and  duat  from  getting  on  the  fbod* 
Fasten  cloth  so  it  will  not  blow  off* 

8*    Place  trays  of  fruit  In  sun  to  dry* 

a«    In  direct  fanlight*    This  my  man  placing  the  tray  flat  or 
it  may  require  raising  one  edge  of  ttie  tray* 

b.  Where  air  can  circulate  freely  over  and  under  food.    This  my 
require  putting  tray  on  blocks  of  stones* 

c.  Away  from  dust  and  dirt* 
d#    Off  the  ground. 

e.    Away  fron  animals  and  people* 
f •    Protect  from  storms  and  dew* 
g.    Take  in  when  danger  of  rain* 

9*    Turn  food*    TVo  or  three  times  each  day  to  speed  drying. 
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lOi    Continue  drying.    For  several  days  until  2/3  dry* 

11.  Test  for  dryness.    Squeeze  a  handful.    If  there  is  no  moisture  left 
on  the  hand  and  the  fruit  eprings  spsrt  when  hand  is  opened,  the 
fruit  is  properly  dried.   Berries  should  rattle  on  trays. 

12.  Condition  fruit,   Gives  fruit  opportunity  to  coajplete  drying  pro- 
oess  and  prevents  growth  of  mold. 

Take  fruit  from  trays  and  put  in  large  container.  Cover  container 
with  cloth  or  wire  screen  to  prevent  insect*  and  dirt  fro*  getting 
into  it.    3tir  fruit  2  or  3  timss  daily,   laave  8  to  10  days. 

13 b    Put  dried  food  in  containera  for  storage. 

Containers  in  which  food  is  stored  heed  toi 

a.  Be  moisture  proof. 

b.  Keep  insects  out. 

o.    Keep  dirt  from  food. 

Some  good  containers  aret 

a.  Stone  jars.   

b«  Jars  or  pots  made  of  clay  or  mo  talc 

§i  Dry  gourds. 

d.  Paper  hags. 

e.  Cloth  bags. 

fs  Class  jars.   

Tin  boxes  with  tight  fitting  tops* 

Smll  containers  are  better  than  large  because  the  food  is  less 
likely,  to  becdne  cbritandnated  by  mold  or  insects. 

Ui     Seal  containers  of  food.    For  containera  with  laoeely 
^-    SS:    ?2cTlid  on  container,  dip  strip  of  cloth  (about  1"  wide) 
m  centimeters)  in  melted  paraffin  or  beeswax.  Wrap,  while 
waWlSound  container  at  Joining  of  lid.   Be  aure  all  space 
between  container  and  lid  is  covered  by  strip  of  cloth. 
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15*    If  the  food  has  been  put  in  bag  a,  place  the  small  bags  ±n  a  large 
container •    targe  container  may  be  a  jar^  crock  or  poti  Seal 
large  container  when  filled  with  small  packages* 

l6i    Store.    In  a  clean,  dry,  dark  and  cool  place •    It  is  well  to  check 
food    often  to  see  that  it  re  rains  dry* 


HOW  TO  SULHIUR  FRUIT 
MATERIALS  AND  ESUIFKENT  NEEDED 


1.    Trays  or  rack  oh  which  the  fruit  is  spread  for  drying  mast  not  be 
made  of  metal* 


2*  Platform  -  stones*  bricks j>r  blocks  of  wood  to  build  a  platform 
E  -  8  inches  (15-20  centimeters)  high  on  which  the  trays  can  be 
stacked. 


3m    Sulphuring  Bqr  -  wood  or  cardboard  borjto  cover  trays  f<fr  sui- 
phurtiig,  needs  to  be  deep  enough  to  cover  the  stacked  trays,  plus 
the  platform*    It  must  be^  wide  enough  to  cover  not  only  the  trays 
but  also  a  small  pan  of  sulphur  whicn  will  be  placed  at  the  side 
of  the  stack  of  trays • 


^tej«y  bowl  in  which  to  burn  sulphur.    It  should 


Sm    Paper  -  square  piaee  in  which  sulphur  is  wrapped*    ftthimam  sise  - 
large  enough  to  wrap  around  a  walnut • 

6i    Sulphur  •  Allow  one  lave!  teaspoon  of:  sulphur  tbeach  pound  (U5 
grains)  of  prepared  fruit,    D6nvi  use  too  much  sulj±ur# 

7i  itches 

8»    ^ay  dividers  -  pieces  of  wood,  or  bamboo,  which  are  as  long  as 

the  width  of  trays  and  l|  inches  (about  U  centimeters)  wide#  Allow 
1wo  pieces  for  each  tray  -  stones  may  be  substituted  for  the  pieces 
of  woodi    Allow  four  stones  per  tray# 
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U    Cut  opening  about  1  inch  by  6  inches  (3  by  1$  centimeters)  at 
bottom  of  box  for  ventilation* 


2.    Build  platform  of  bricks,  blocks  or  stones  on  which  trays  can  be 
stacked* 

3#    Place  sulphur  on  small  _pte«  of  paper,  roll  loosely  and  tsrist 
ends  so  that  end  of  paper  may  be  lifted* 


1#    Place  fruit  on  trays*    The  fruit  should  be  only  one  layer  daep. 

2.  Stack  the  trays  one  on  top  of  the  other  with  a  space  of  i|  inches 
(about  h  centiliters)  between  them*  Use  strips  of  wood,  pie oe  of 
baittooo  or  stones  to  separate  the  trays*  Fumes  of  sulfur  most  be 
able  to  circulate  freely  around  the  fruit* 

3#    piaoe  twist  of  paper  containing  sulphur  in  small  metal  or  crockery 
container* 

U*    Sat  the  sulphur  container  by  side  of  the  stack  of  trays  and  set 
fire  to  the  twist  of  paper  containing  sulphur. 

5.  Quickly  cover  stack  of  trays  and  sulphur  dish  with  box.    It  should 
cover  trays  completely.    Close  opening  in  box  as  soon  as  sul- 
phur is  burned  to  prevent  loss  of  fumes. 

6.  For  length  of  tine  fruit  should  be  sulphured  see  efrart  page  436. 


7#    Remove  cover  and  place  trays  to  dry. 


SBtfflUR  FRUIT  OUT  OF  DOORS 
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EQUIPMSNT  NEEDED. 

Collect  equipment  before  gathering  vegetables. 

!•  Kxiiffe  (for  most  vegetables) . 

2*  Wooden  board  for  cutting. 

3*  Pans  or  pots  in  which  to  wash  vegetables. 

li.  Plenty  of  clean  water  for  thorough  washing • 

$.  Pot  or  kettle  in  which  to  steam  vegetables* 

6.  Lid  which  fits  the  pot  or  kettle  in  which  vegetables  are  atGao*d* 

7*  Equipment  for  steaming .    A  rack  nd  basket  or  a  cloth  bag  and 


8*  Rack,  trays  or  mats  on  which  tho  vegetables  can  be  spread  to 
dry.   V* 

9*  One  jxtece  ot  loosely  woven,  clean  cloth  for  each  tray  of  mat 
above*  These  should  be  slightly  larger  than  the  tray  of  mat 
on  which  they  are  to  be  used* 


SIEPS  JENJffiHEiEL 


stick. 


STBfS 


HOW  -  Why  -  When 


1.    Gather  vegetables* 


Select  good  quality,  firm  sound 


Avoid  overripe  vegetable  s  * 
Harvest  early  in  the  morning  or  V 


late  in  the  day* 
Avoid  delay  between  harvesting 
and  processing* 
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Wash  vegetables * 


/  Bsu  ptenty  of  clean  water* 

Place  vegetables  in  pan. 

Pgar  clean  water  over  vege- 
/  table 8c 

Wash  thoroughly*    Scrub  if 

/    necessary •_ 

/lift  from  water* 
/Empty  water  from  pan* 
'  Repeat  if  necessary* 


Prepare  vegetables* 


Follow  directions  oh  page436 

for  each  vegetable* 
This  may  be:  

Shelling 

Hulling 

Rseling 

Slicing 
Work  rapidly*  ; 


Steam  most  vegetables  •  J_ 
(See  page  436  for  length  of 
time  to  steam,) 


SteamLrg  helpsjbo:^ 
a#    Retain  vitamins* 
b*    Retain  minerals* 
c*    Give  better  color  and 

flavor* 
d*    Reduces  time  needed 

for  soaking  before 

cooking  * 

See  page ^2 S  for  directions  oh 
how  to  steam* 


Spread  vegetables  bn  clean 
dry  tray 8  or  mats* 

ebver  with  loosely  woven  _ciean_ 
ciloth ,  mosquito  netting  or  wire 
screen* 


One  layer  in  thickness 
Spread  evenly* 

To  keep  insects  and  dust  off 
fbbd*_  Fasten  cloth  down  so 
it  will  not  blew  off  * 
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STEPS  IN  DRYING  VBGETABIES  -  Continued 


STEPS 


HOW  -  WHY  -  WHEN 


7*    Place  trays  in  sun  to  dry. 


a*    In  direct  sunlight, 
b.   Where  air  can  circulate 
freely* 

c*    Away  from  dust  arid  dirt. 

d.    Off  ground* 

e  «    Away  from  animals  and 


f  •    Protect  from  storms  and 
dew. 

(See  page^33  for  suggested 
plaoes  to  dry.) 


8*    Turn  food* 


Ifro  or  three  tiires  each  day 
to  speed  drying. 


9.    Continue  drying* 


For  several  days  until  2/3  dry* 


IQi    Test  for  dryness* 


Squeeze  handful* 


11.    Condition  vegetables. 


In  large  containers  for  8  to 
10  days. 


12 m    Pat  in  containers  for  storage* 


Several  snail  containers  are 
better  than  large  ones* 


13 *    Seal  containers* 


To  exclude  air. 

To  keep  but  insects, 


liu    If  food  is  in 
small  baps  in  a 


>  place  the 
large  cbnt  airie  r . 


Seal  large  containers 


15*  Store. 


In  cleah^  dry,  darkj  cool  place. 


427 


U7 


HOW  TO  STEAM  VEGETABLES 


To  steam  vegetables  they  must  be  suspended  In  live  steam  above 
rapidly  boiling  water  in  such  a  way  that  the  steam  reaches  all  the 
pieces  of  the^  vegetables  quickly  without  the  vegetables  resting  in 
the  water.    This  means  the  vegetable!  must  be  held  loosely  and  not 
be  allowed  to  pack.    Small  amounts  of  the  vegetable  pieces  need  to  be 
steamed  at  one  time  to  insure  the  steam  reaching  all  the  vegetables 
and  to  avoid  overcooking  some  while  others  remain  raw* 

1     Two  methods  of  steaming  have  been  used  successfully  in  diffejreiit 
countries*    Each  method  with  equipment  used  is  described  in  the  follow- 
ing! 

METHOD  I# 


1*    A  deep  container  with  tight  fitting  cover,    A  pot  or  kettle 
used  Tor  preparing  soups,  main  dish  or  stew  for  the  family 
would  be  fine  for  this*    I£  it  does  not  have  a  cover  which 
fits  tightly ,  something  should  be  improvised  to  serve  as  a 
cover  and  hold  the  steam  inside  the  kettle*    A  board  could 
be  laid  over  the  opening*.  The  board  needs  to  be  large  enough 
to  cover  the  opening  cpn^letely  and  hold  in  the  steam*  Plac- 
ing a  weight  on  top  trill  help  with  this* 


2*    Rack  which,  can be  put  in  the  bottom  of  this  container  and 
used  to  hold  the_ vegetables  up  put  of  the  boiling  water*  It 
will  heed  to  be  l£  to  2  inches  (3?  -  5  centimeters)  high  and 
be  so  constructed  that  it  permits  the  water _to_ boil  freely 
around  or^lS^fh  it*    A  wooden  rack  made  of  slat^  i*  of  *en 
used  for  this*    An  equally  satisfactory  rack  can  te  mud*  cf 
bamboo^  or  woven  of  re*  da* 

3i    Container  to  hold  vegetables  while  being  steamed,    this  trust* 
(a)    Fit  inside  the  ateamirir  pot; 
f b)    Fold  the  vegeta  les  loosely, 

(c)    Be  open  enough in  construction  that  the  steam  can  reach 
all  parts  of  the  vegetables. 
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This  container  can  be  a  colander^  wire  basket,  or  reed  basket. 
Improvised  baskets  can  be  made  of  wire  fencing;  wire  screening! 
weaving  materials  such  as  grasses,  refdr,  or  vines.    If  none  o* 
these  are  available*  a  second  pot  could  be  set  on  the  rack  inside 
the  larger  pot* 


STEFS— IN-^ 


FABLES 


STEPS 


li    Put  rack  in  bottom  of  deep 
-  container, 

2.    Put  1  inch  (2k  centimeters) 
of  water  in  deep  container 
and  bring  to  boil* 

3*    Pu_t_  layer  of  prepared  vege- 
tables in  basket. 


U.    Place  basket  on  rack  in 
bottom  of  deep  container, 

$.    Place  lid  on  container* 


6.    Count  time  38  soon  as  ket- 
tle fills  with  steam* 


7.    Test  to  see  if  ve 
c  completely  steamed^ 


are 


HOW  -  WHY  -  WHEN 


As  a  support  for  the  steaming 
basket* 

Put.  lid  on  container  to  hasten 
boiling* 


Hake  la^er  of  vegetables  thin 
-  hot  more  than  2&  inches  (  7 
centimeters)  deep. 

Vegetables  should  not  touch 
water. 

Lid  needs tp_fit Rightly  to 
keep  steam  in  container* 
Place  weight  on  lid  if  neces- 
sary * 

Minimum  tiro  indlc ated  oh  chart 
has  been  found  best ^except 
when  vegetables^are  older*  have 
been  gathered longer^  or  were 
grown  under  very  dry  condition*  • 
These  vegetables  may  need  long- 
er steaming* 

Each  piece  of^ vegetable  must_be 
heated  through^ and  wilted*  Re- 
move a  piece  from  center  of.     -  - 
steamer  and  press  it*  JEt  should 
feel  tender  but  not  completely 
cooked* 
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JffiTHOD  II 


EQUIPMENT  iiEMai 


±*    Deep  container  w±t*t  tight  fitting  lid* 

1.  Piece  of  loosely  woven,  cleaa  cloth  in  ^ich__vegetables  can 
be  tied  loosely  and  hung-  in  the  container    The  size  of  this 

^      will  depend  on  the  size  of  the  steaming  kettle  used.    It  is 
important  not  to  crowd  the  vegetables  or  the  steam  will  be 
>  unat~a  to  reach  all  of  them* 

y.  A  piece  of  wobd^  stick  or  bamboo  which  can  ^e  wedged  across 
the  kettle  near  its  opening^  to  which  the  bag  of  vegetables 
can  be  hung* 

/ 

IN  STEAMING  VEGETABLES 

steps  hcw  -  why  -  WHEN 


1.  Place  piece  of  wood,  stick  or 
bamboo  in  top^of  deep  contain- 
er / 

2.  Put  1  inch  (2*  centimeters)  of 
water  in  container  and  bring  to 
boil. 

3.  Place  vegetables  in  pi*ce  of 
loosely  woven  clean  ci^th. 

hi    Tie  cloth  to  form  a  bag* 


Just  far  enough  below  rim  edge 
of  container  to  permit  lid  to 
be  placed  tightly  oh  container. 

Put  lid  on  container  to  hasten 
boi3ing. 


Vegetables  must  be  very  loose 
in  bag* 

Bring  opposite  corners  of  cloth 
together  and  tie.    ^peat  with 
remaining  two  corners.  This 
knot  should  be  tied  far  enough 
from  the  corners, tot 

(a)  Leave  ends  long  enough  to 
tie  over  stick  in  top  of 
container* 

(b)  Keep  the  bottom  of  the  bag 
from  touching  the  water 
when  the  bag  is  tied  on 
the  stick* 
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5;    Tie  bag  to  stick  securely* 

\ 

\  

6. \Piace  lid  on  container* 


7;    Count  time  as  soon  as  con- 
tainer fills  with  s  teams  % 


8,    Test  to  see  if  ve rotables 
are  completely  steamed. 


So  that  bap  of  ve petables  does 
not  touch  water. 

Lid  needs  to  fit  tightly  to 
keep  steam  in  containers 

Minimum  time  on  chart  has  been 
found  best,  except  when  vege- 
tables are  older,  have  been  

gathered  longer,  or  were  frown 
under  very  dry  conditions • 
These  vegetables  mav  need  ?.ong- 
er  steaming* 

Remove  a  piece  from  center  of 
vegetables  and  press  it_.  It 
should  be_hea_ted_thrby?h  and 
wilted*    It  should  feel  tender 
but  hot  completely  cooked. 


KTtNC-  TRAYS 


Here  are  some  guides  and  suggestions  to  help  you  select  or  make 
your  own  trays 0 


1.  Since  you  will  heed  to  move  the  trays  after  they  are  loaded 
they  should  be  ho  larger  than  you  can  handle  easily* 

2.  Under  most  circumstances  a  few  larger  trays  will  be  easier 
to  care  for  and  spread  food  oh  than  many  sr<tl  trays * 

3     Where  are  vou  going  to  place  trays  so  that  the  sun  can  reach 
the  food?    How  large  is  this  space?   Will  a  flaw  large  trays 
rest  better  here  or  several  smaller  trays? 

iu    What  do  you  already  have  on  hand  which  can  be  used  for  drying 
travs?    It  may  be  better  to  improvise  with  something  you  have 
in  the  home  now  than  go  to  the  expense  or  spend  the  time  to 
make  new  ones. 
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5i    Trays  of  raxifqrm  size  are  easier  to  stack  When  you  mtist_  bring 
them  in  at  nipht  or  out  of  the  rain*    It  also  may  make  it 
easier  to  storo  then  in  seasons  when  you  are  not  usinf  theiri. 

6.    A  size  of  trays  Which  has  been  found  to  be  convenient  is  lU 
by  2h  inches.    (35  *  60  centimeters) 

SHAPE  - 

Any  shape  -  rouhd^  square,  rectangular  -  is  satisfactory. 
frays  of  uniform  shape  can  be  easily  crid  quickly  stacked. 

*s)T?ffi  OF  TRAY  - 

Tfie  bottom  of  the  tray  heeds  to  have  opr  * '       to  allow  passage  of 
aii%    Air  r^ods  to  reach  all  sides  e>-  the  food  fev  rapid  drylnp.  For 
trays  made  of  wobd^  allow  spaces  between  slats.    If  trays  are  made  of 
reeds  or  grasses^  use  ah  open  work  weavinp  pattern.    Do  not  mrkn  the 
bottom  of  the  tray  solid* 


Trays  wi^h  sides  oh  them  are  tetter  than  those  irithout  sides  be- 
cause they  - 

li    Keep  foods  from  slidihp  off  when  you  move  the  trays. 
2i    Make    stacking  easier. 

3B    Keep    trays  from  resting  on  food  when  you  stack  thenu 
Ui    Provide    ah  edpe  to  which  cloth  may  be  fastened^ 


MATERIALS  FOR  T^YS 

Trays  can  be  made  of  many  materials •    Here  are  a  few: 


Scrap  lumber  or  wooden  boxes  are  sources  of  wood  to  use  in 
building  tray 6. 
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b.    Bamboo,  or  similar  wood. 

Ci    Small  limbs  of  tree  for  frame  and  vines  like  honeysuckle 
woven  in  between  to  form  drying  surfaces 

ds    Frame  of  wood  with  thongs  of  leather  woven  in  to  form  the 
rack* 

e.    Screen  wire  attached  to  bottom  of  wooden  frames 

Grass  of  straw  matting  woven  or  cut  in  suitable  sizes s 

SOME  GOOD  PLACES  TO  DRI  FRITTTS  AND  VEGETABLE 

Is    On  tfra  roof  of  the  house, 

2m    Oh  ah  improvised  table  by  the  house, 

3  s    On  an  elevated  platform  built  e  few  feet  above  the  ground  level* 
Below  are  suggestions 

(a)    Wooden  or  ba^nbbo  rack, 

(t.)    Hound  of  adobe  bricks  or  stone3* 

SOME  SPECIAL  FRJITS  AND  7EG3YA3T,ES 

Cqroanut 

Remove  meat  from  shell, 
C:_it  taaat  iri  thin  slices. 

Place  on  trays,  _    -        -  -  - - 

Cover  trays  aith  clean  loosely  woven  cloth  and  place  in  .?un  u*itli 

well  dried, 

Store  in  tight  cans  or  jarss 

May  be  audert  to  puddings,  candies^  ea**n  ae  a  sw^at  or  used  in  |*lace 
of  nuts,    When  sprinkled  with  salt  may  fca  used  as  appetizer. 

Peanuts 

Peanuts  are  hiph^in  food  value  and  may  be  served  as  a  part  of  a  meal. 
They  should  be  gathered  when  mature  and  spread  oh  trays  to  dry  in  the 
sun".    Peanut  butter,  which  can  be  used  as  the  basis  for  a  number  of 
taj*ty  dishes  is  made  as  follows: 


Peanut  Butter  Recipe 

2-3/U  cups  peanut  1/2  teaspoon  salt 

(liOO  grams)  2  tablespoons  sugar 

Roast  peanuts,  remove  skin;    Pass  oe a nuts  through  a  stone  or  meat 
grinder  as  many  times  as  needed  to  make  it  fine  and  smooth;  Add 
salt  and  sugar,    ~ass  again/through  grinder  several  times  until  a  very 
smooth  paste  is  obtained.    Pack  in  sterilized  jars  and  seal  tight. 


Cassava 

Shred  fresh  cassava  rootstocks  into  small  chips.  I>ry  the  shredded 
chips  and  cut  into  small  pieces,  preferably  like  rice  grains.  The 
cassava  chips  can  then  be  used  to  extend  the  rice  of  be  prepared  in 
a  variety  of  nutritious  and  delicious  dishes.  To  extort i  rice,  rse 
1  part  caspava  chips  to  h  parts  of  rice.  Mix  with  washed  rice  and 
cook. 


Soup  Mixtures  -  Choose  available  vegetables  that  will  give  a .pleasing 
c ombination.    Dry  th*m  separately  according  to  instructions  for _ that 
vegetable,  then  combine  and  store  iri  brie  container  for  a  soup  mixture, 
chowder,  or  stew.  ^ 


Herbs  and  Seasonings  -  Parsley  leaves,  mint,  celery  leaves,  sage,  dill, 
and  other  herbs,  are  no£  blanched  before  the  drying  process  begins. 
Choose  plants  that  are  well  developed,  wash  and  hang  up  in  an  airy, 
breezy,  shady  plnce.    They  are  brittle  and  bone  dry  when  done.  The 
herbs  may  be  broken  up  when  dry  to  save  storage  space; 

HOW  TO  PREPARE  ERIED  FOOD  FOR  USE 


RESTORING  (Soaking) 


Most  fruits  and  vegetables  should  be  covered  with  cold  water  and 
soaked  to  restore  the  moisture  removed  by  drying^    Usually  soaking  1/2 
hour  to  2  hours  will  give  an  acceptable  product^  although  longer  soak- 
ing, 2  to  6  hours,  may  result  in  increased  tenderness ♦ 
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 The  food  should  be  kept  covered  while  soaking.    The  ainburit  of 

water  used  for  soaking  should  be  as  near  to  that  which  the  food. can 
take  up  as  possible.    It  is  better  to  add  water  during  the  soaking 
process  than  to  start  out  with  more  than  is  needed. 


COOKING 


6ook  the  food  in  the  same  water  in  which  it  has  been  soaked  be- 
cause there  are  some  minerals  dissolved  in  the  water* 


Boil  vegetables  until  tender.    Add  water  for  cooking  if  all  the 
water  used  in  soaking  has  been  absorbed. 


Cook  greens,  cabbage,  tomatoes,  soup  mixtures  and  powdered  vege- 
tables jrtthqutsqakin       Drop  them  into  enough  water  to  cover  and 
cook  until  tender. 

Bried  tomatoes,  okra,  pepper,  string  beans  and  corn  added  to  a 
meat  stew  or  soup  make  an  excellent  dish  when  fresh  vegetables  are 
not  available  in  the  family  garden. 


FLAVORING 


Vegetables  on  drying  lose  much  of  their  fresh  flavor.  Therefore^ 
the  addition  of  such  flavoring  as  basil,  garlic,  onion  or  other  herbs 
will  be  desirable. 


FRUITS 


Usually  1/U  cup  of  sugar  psr  cup  o$  drisd  fruit  is  sufficient  for 
dried  apples,  pears,  or  peaches.    Less  sugar  \r  needed  for  dried  than 
for  fresh  fruit  because  in  the  drying  process  the  starch  in  the  fruit _ 
is  changed  to  sugar.    When  snpsr  is  trsed  it  should  be  added  at  the  end 
of  the  cooking  period  so  as  not  to  interfere  with  the  absorption  of 
water  by  the  fruit.    Adding  a  few  grains  of  salt  heirs  to  trtrig  oix'c 
the  natural  sweetness  jf  the  fruit.    Lemon,  orange,  or  grapefruit  juice 
added  to  the  dried  fruit  Just  befora  serving  will  give  a  fresh  fruit 
flavor  and  add  vitamin  C  to  the  dish,, 
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CONDENSED  ERECTIONS  TOR  MWSj  AND  Si  DM3  561  FRUITS  AND  VEGETANS 


Rsel  and  core*  Cut  into  slices  or 
is  about  1/8  Inch  thick 


Jnifur 


leathery;  glove-lilce; 
section  cut  in  half,  no 
moist  area  in  center 


Eel,  cut  in  half  lengthwise,  and  core 
Section  or  cut  into  slices  about  i/B     Sulfur     00,  sliced) 

indi thick  .  :'.  __  i^q^^ 


Springy  feel 


Wei  and  slice  peaches.  Cut  in  half 


pliable;  feathery;  a 
handful  of  prunes  prop- 


targe  stone     and  pit  apricots,  nectarines,  anil  large  - 
fruits         plums  and  prunes,  fruits  dry  more       Sulfur        sliced)      erly  dried  will  fall 

rapidly  if  cut  in  quarters  or  sited,  (120,  quartered)  apart  after  squee 

Berries  (except  McVver;  remove  Jefec'ti^                      .  "  -  „ hard| no  _t 
stmberrles)  waft,  Mg       I  to  1   mature  when  M 


Cherries       Pick  over,  remove  defective,  wash,  pit*  Jo 


  treatment 

If  figs  are  smaH  or  have  part] 
on  the  tree,  they  may  be  dried  whole  Swam 
without  blanching  Otherwise,  cut  in  half  -  - 


20 


Gripes 


Only  seedless  varieties,  should  1*  dried  no 

Pick  over, remove  defective.  Mer 

.  ireatneht 


Cut  tender  green  tips  only 


Asparagus  .  

Bealsireen     Remove  defective  pods.  Wash  and  re:oV6  __ 
map  strings  from  string  varieties.  Split  Steam 

~eM  lengthwise,  to  hasten  dryings 

of  good 


15  -  20 


No 


Beets 


iloci  snail,  tender  beets  of  good  color 
arid  flavor,  free  from  woodiness.  wash; 
trim  the  tops  but  leave  she  crowns; 
steam  for  30-$  mins.  until  cooked  treatment 
through.  Cool;  trim  off  the  roots  and 
crowns;  peel;  Out  slices  about  1/8"  thiclr.  


leathery  but  sticicy 


leathery;  flesh  pLau-w, 
slight  V  sticky, 


Pliable;  leathery 


Brittle,  greenish  black 


tough;  leathery 
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fr^anu  On.AU  gram  podf  bri^t  grew 
or  Uppers     Peel  and  slit  pod;  rev*  seeds 


and  dry 

TBI  or  STBS  pod,  dark  red* 
peppers  String  and  hang  limm 


treatment 


tough  to  brittle 

Crisp,  brittle 
nsdl'in  green 


Select  crisp,  tender,  free  55 
Carrots^  tor-  vootassi  Vashi  Trim  off  roeta 
rips  rutabagaa  and  topa.  reel  thin.  Gut  into 
slices  or  strips  about  iffi JhicL 


treatont 


&ninken  pod,  flexible, 
dark  red 


Steam  '  8-10 


toujhj  Jeatoery 


>  cut      Select  tender  aveet  corn.  ffuST 
Steam  10-45.  iLn« ,  or  until  adtt 
ia  set.  Cut  from  cob 


To" 

further 


"Savw  for 
seasoning; 


dry;  brittle 


Jiaat 


Berate  outer  discolored  layers; 
uo,  garlic  Slice 


.  No 

treatment 


brittle^ 


^ict^ouni^teQderrpeaa  of  a 
awjt  variety.  Shell . 
reel,  cut  into  shoestring  jtrips 


treatffint 


Ban-    \  ■ 


in 


_  it  colored' 
hard;  vAflaaftj  shatter 
when  hi»  viVi  a  hansr 


Potatoes      3/16"  in  cross  section,  or  cw  into     cold  water    t  -  C  Brittlt 
slices  about  1/8"  thick. 


Select  young,  tender  leaves.  Vasn. 
Spinach  and    See  that  leaves  are  not  vadded  then 
other  greens  placed  on  trays.  Jot  large, leaves 
croaafiee  into  several  pieces  to 
facilitate 


Wash,,  peel,  and  s?ice  in  strips  1/h* 
thick,       •  SteaL 
Cut  into  strips  about  1"  vide.  Peel 


ki  or  until  Brittle 
thoroughly 
wilted  — 


<4 


1 


^r—  tcugh  to  brittle 


Steac        Until  tender  tough  to  brittle 


c^uaat(Hubbard)  off  toe  rind.  Scrape  off  the  fiber 
Pumpkin,  jellnr  and  seeds,  Cut  peeled  strips  cross 
rise  into  pieces  about  3/81  ttdek 
Wash,  peel,  trim  and  cut  into  J/ii" 
Siieet  potatoes  slices  (alternate  nethod-eteai  before  Steam        Until  tender  .tough  to  brittle 
 peeling) 


Select  tonjfitoes  of  good  color,  Steal     ^  further 


Sieving5  f°r    £-8^ twatnent.   10-20  leathery 


snail  pear  or  $m  tomatoes  in  half. 


ABSTRACT    -    liAND  GRINDER 

Tnis  haud-powei^ec  grinder  J  ; 
grind  corn;  wheht  _or_  otl^cr  'j^ila 
coarse  or  fine ,  _  is  ^iriple  in 
design  and  easily  ouilt_by  a  car- 
penter ^  being  made  almost  entire- 
ly of  p3ain  one  inch  lumber. 


TOOLS  AND  MATE  TEALS 

Tools  ~ 
Hammer 

Hand  cross  cut  saw 

Auger  brace  and  1/4,  1/2  and  7/8 

inch  auger  bits. 
Round  file 

Cojing  saw  or  key  hole  saw 

Breast  drill  and  1/3"  twist  drill 

One  flat  file 

0\3  three  cbrref  file 

1/2"  x  13"  die  and  die  handle 

5/16 n  die. 

Wood  chisel 

Half  round  wood  file 

Tin  shears 

Screw  driver 


Materials  - 

12  feet  of  1"  x  6"  seasoned  sheath- 
ing lumber 
2  feet  1"  x  10"  sheathing  lumber 

2  feet  2"  x  8"  framing  lumber 

3  feet  2"  x  4"  framing  lumber 

1  piece  1/2"  x  14"  cold  rolled  steel 
12  -  1  1/2"  x  8"  flat  head  wood 
screws 

steel  washers 
4"  callage  bolts 
wing  TUt 
-  3/8"  x  5*  carriage  bolt 
cast  iron  burrs.     (The  cast  iron 
burrs  are  available _f rom^Bbbher 
Equipment  Company,  3627  Devon  Drive 
S.  E.,  Warren,  Ohio,  for  about  $.50 
plus  po?itag^  9 


-  1" 


It 


DETAILS 

\  .    _  _  .  .!   . 

Through  the  following  discussion  l"  lumber  rv^r?  to  the  standard 
board  thickness  for  surfaced  sheathing  lumber  in  the  United  States, 
actually  measures  only  about  three 
quarters  of  an  inch  in  thickness i 
All  dimensions  are  in  inches*  Lum- 
ber used  should  be  flat  and  weii 
seasoned.    The  numbers  in  the  ne!xt 
section  refer  to  part  numbers  shown 
in  Figure  2  and  subsequent  detailed 
part  Sketches. 

lo    Grinder  Body  -  make  of  1"  x  6" 
pine  or  hard  wood  lumber.  Circular 
hole  can  be  cut  with  coping  saw  or 
^[ig  saw  but  for  a  better  and  quicker 
way  to  cut  see  Notes  1  and  2,  Figures 
3  and  4. 

■_  1 
2.    Rotor  -  See  Note  2.     Take  care  tc 
bore  the  1/2"  holes  thru  each  part 
where  required  accurately  and  at  right 

angles  to  the  surface  of  the  part.    If  /^S*  2  fISSEMBL?  DWG> 
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_  *£*T  r/T  WTTH  3T££L 

coyrxco  goto*  mum.  / 

C£#7£*  W  £MA  y  


When  placed  ori_the  assem  )1? 
post,  it  does  not  lie  flat  to 
the.  assembly  post  surface 
marked  ,fAfl  In  Figure  3  or  a- 
gainst  an  adjacent  peir.t  be- 
cause the  hole  is  not  bored 
straight,  remove  it  from  the 
assembly  post  and  use  a  round 
file. in  the  hole .carefully  un- 
til it  will  J io  flat.     Use  a 
Tew  spots  uf  glue  between  parte. 
'Be  careful  In  mailing  so  nails 
will  not  interfere  with  boring 
the  1/4"  holes  later.  Keep 
the  nails  within  l"  of  the  cen- 
ter post.     1  1/2"  finishing 
nails  are  about  right. 

It  id  a  help  in  gattin-  the 
metal  band  snugly  on  the  rotor 
d^jm  to  form  the  3/8"  lip  on  one • 

end  first,   then  bend  the  band  around  some  round  object  that  is  about 
3    in  diameter.    Next  put  it  on  the  rotor  drum  with  the  one  lij  en- 
gaged in  the  slot.     Use  strong  twine  or  flexible  wire  to  pull  band  snug- 
ly around  drum. arid  mark  position  oft  the  second  lip.    Remove  from  rotor, 
form  the  second  lip  and  cut  off  excess.     The  band  may  need  to  be  formed 
a  l-.ttle  with  the  fingers.     It  should  now  fit  snugly. 

h  ?ta^ionffy  Burr  Holder  -  In  boring  1/2"  holes  "and  a.isemMing  follow 
the  instructions  given  under  {2).  Assemble  the  parts  using  a  few  spots 
of  gx-ae  and  nails.     1  1/2"  finishing  nails  are  about  rights 

4.    Follow  instructions  unde] 
thrust  block. 


s  &*£cr*i"  &r  *****  _  y  _ 

&  '\il*u**£*,  _7*£  me  ot&rs.  a? 

£A/D  *X£  /**3TM*£0  7X>*£TH£#  WT7W  SC*£WS  AVO  CO/£ 
*9S£*9L£  J/^VJ  TO  CHD3  WTTH  3C#£W  OX  m/L* 


(2)  flotor  for  assembling  parts  of  the 


5.    The  1/4"  holes 
on  che  assembly  pos 
f  o:?  holes  en.  craruc 
by  tapping  with 
a  hammer.  Oil 
hoi€  in  the 
crank  is  bored 
to  redch  the_ 
1/2 11  hole.  This 
will  supply  oil 
to  the  stv-^1 
shaft . 


can  best  Jbe  located  by  placing  the  rotor  and  crank  al 
t.    With /bolts  in  place  thru  rotor,  mark  location 


HCk£S.  <W  ff'fifi&US 


4  rMC/r/HC  S$  <.  UM4£A 


SLOT  TO*ftK£  OHIVCA  LU6S 

O  A/  act**.  , 


&SCS  *_  MP  C  ##£_  CUT  f&O+f  /WrtT  £~tfO  OQ4/*D5  Or  G BODY 

W^^|-W?f^iWtt«  MOP£  gOf*.  HQLCS  IN  CCnT£K  OT  £*C#  fi*£c£% 
JX£W  Sr*#TW*Jmm-0##T        PL*C£  OV&t  *3$Ot9Li*£  POST  W>TH  3C0T 

oom/.  *sse#si£  oth£A  p*xrs  *s  javwm  OS£  /g  Afcus  Who  eivc*. 

HOt  £3  tVtTH  M£HJ>3  ft  £0OWT£*-0OH£3t  arrfiC*  HVtTH  1gt*%  &O0tC*£W9. 


439 


ERIC 


x&iss  cot  rattno  nojr  or  s**'« 


a/#£cr/0H  or  ~GR*m 


ATTACH  OOKR.  ttPLOOCO  VtCW  Of  ggfjggggg  tfl/if*  HOLDcR 


»    rt-r  *t-»t±onary  burr  holder  with  screws, 

6.     Attach  hopper  to  top  of  stationary 

Figure  2. 


See 


7 .  Cover 


WtO£  kjI  0££P 
SLOT 

or  ^  a  wtt>  c  s 
(^xPLopeo  jisw  or  thrust 


m*k£  or  r  Lu*ae*.  *>*e 
mtes  to  lm£  ur  with 
£3  7Af  wove**- 


I  4i  J  V* 


(7)  cove* 
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8.  Four  1/4"  x  4  1/2"  carriage  bolts  With 
huts  and  8  washers. 

9_.  _Twd  steel  washers  for  1/2"  diameter 
bolts. 

10.  Two  1/8"  diameter  x  2"  cotter  key. 
If  a  larger  diameter  cotter  key  is  used, 
drill  the  hole  to  suit.     The  hole  should 
not  in  any  case  be  more  than 


•  ^  f 


11;  T!iree  steel  washers  for  1/2"  bolt. 
12.  One  1/2 "  winged  nut. 


13.  One  5/16 H  diameter 
threaded  1  1/2".  Pile 
under  head  to  roundness 

14.  - e;learance  Block  - 
the  clearance  block  is 
crank  from  rubbing  the 
front  of  the  grinder. 
Locate  the  clearance 
blocks  at  even  guar- 
ters  around  circular 
opening  in  front  of 
grinder  body. 

15 i  Rotor  Drum  Band  - 
In  making  this  part 
and  attaching  it  to 
rotor  read  the  dis- 
cussion under  Rotor 
(2). 

16.  Steel  Shaft- 
Threading  is  U.S. 
standard,  1/2 11  x  13 
threads  per  inch. 

17.  Grinder- Stand. 

18.  Two  cast  iron  burrs, 
materials . 


carriage  bolt 
square  shank 
*     Length  4  1/2" 

The  purpose  of 
to  keep  the 


°*  kXtTjKjtjam  TO  r*o*T  6£ 

(m)  clearance  BLOCKS 


r/wpwwi  or  srjT£L  _ 

O/l  C*#3.y  

WW  *M  MLQ  TOCCT*£* 
W  WWW  THCM  /MS  10T 


TOR  DWfi  BMth 


l&M^COLI)  ROLLED  STEEL 


St. 


art** ' £££L  *  M3C£  7*m/  *or*  "*>T*«o  vmrr.  m53t* 


See 


FINAL  ASSEMBLING 

After  all  parts  are  completed 
the  next  step  is  to  fully  assemble 
the  mill.     Itie  rotor  with  burr  at- 
tached is  placed  in  its  position  in 
the  circular  opening.    Attach  the 
crank.    Next  put  the _ stationary  burr 
holder  imposition  and  insert  the 
steel  shaft  thru  both  parts.  Put 


r*  (fW  CLCAT3.  tT*  &  It/HetA 
ro*  L£*3> 

Op  GMA/P£R  STAND 
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an 

ncc 

tigtrSr^Wshould'bra^:rttie  play  between  the  cotter  key  and  the 
bottom  of  the  slot  in  thrust  ulock. 

Before  cutting  on  the  cover  turn  the  rotor  and  observe, the  burrs 
carefully.     They  should  remain  flat  to  each  other  when  rotor  is 
tSSS 7    If  there  is  an  opening  which  travels  around  as  the  rotor 
turSs     a  shim  is  needed  under  the  burr. on_the.  rotor .     Mark  the  place 
KrSote  thickness  of  shim  required.     If  the  opening  remains  station- 
ary a  shim  ±s  needed  under  the  burr  on  the  burr  holder.     Remove  the., 
necessary  part  and  add  a  «him;     Of  course,   both  burrs  may  need  shims, 
A  little  glue  under  "he  shims  makes  a  permanent  Job, 


is  to  facilitate  and  speed 


up 
in 


the  job 
a  car- 


NOTES  -   

The  purpose  of  the  following 
of  making  the  mills.     It  is  assumed  the  mills  will  be  made 
nc>nter  shop  as  a  business...  The  _no^s_  along,  with  Figures  3  and  4  des- 
"Ln  y  will  be  fou.;"  very  useful  in  snops  making  these 


cribe 
mills 


two  devices  that 


s-. 


NOTE  1  =  See  Figure  3.  The  use  of 
the  assembly  post  is  described  under 
(2)  and  (3) .  In  constructing  the 
assembly  post,  care  should  be  taken 
to  make  it  very  solid  and  strong  and 
the  steel  post  must  be  square  with 
the  surface  marked  "A"  in  Figur  3. 
A  good  way  is  to  build  the^ent 
.?ood  part  of  the  device  C  ar  s. 
before  boring  the  holes  for  tr 
post.  When  ready  to  bore  these 
bore  thru  I'A"  first,  then  push  the  ba 
thru  to  "B"  and  testing  carefully  with 
a  square  move  top  of  bar  until  .it  tes 
square  both  ways  then  strike  the  bar 
on  its  top  aid  tu  mark  position  of  the 
auger  hole  in  "E11 :  Bast,  put  on  C 
and  "D". 

NOTE  2  ~  See;  Figure  4.  The 
purpose  of  this  device  is  to  cut. 
the  circular  discs  out.  of  the  end 
boards  of  the  grinder  body..  Test 
each  on  the  assembly  post  tobe 
sure  the  holes  are  square  thru 
these  members.     Use  a  round .file 
if  the  member  doe  3  not  lay  flat 
on  "A"  of  the  assembly  post . 
Place  the  pieces  ore  at  a  time  on 

the  rod  of  the  6\sc  cutter  .  Remove 

che  steer..  i'0»>;  frciti  tije  assembly 
post  ar.--_pas^_+Jife  steel  rod  of  the 
disc  cu^er  thru  both  holes  of  the 


ts 


6LL  Wood  /*h/?ts  ?  --^ 

r/G.  3.  ASSEMBLY  P 


S01T3  42K 


to  tak  z  tente* 
baa  ano  corr 
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assembly  -v^se.  _  The (  assembly  device  wi      clisc_  cutter*.  lh  s lace  _  should 
how  be  huI'J  .iii.a  bench  ^isc  or  fastened  to  a. wall  so  the.  s/ic  f  t  Is  ho- 
rizontal and  at  a  con*. ehleriv  height  for.. turning.     Turn  the  crank  and 
exert  a  gentle  pressure  to  bring  xhe  cutter  into  play. 

The  steel  cutter  should  be  of  tool  steel .     A.  six  inch  length  of 

drill  rod  is  excellent  If _ this  ±3  hot  available.*  a  screw  driver 

with  approximately  a  1/4"  diameter,  shank  can  be  shaped  up  wi-;h  a. 
file  to  dc  the  Job .     In  operating  the  disc  cut ter  cut  only  half  way 
thru  the  member  then  reverse  and  complete  from  other  side. 

For  greater  strength  the  cutter  can  be  made  more  then  l/i6"  in 
thickness.    This  will  .r-ake  the  discs  that  compose  the  rotor  drum___ 
fit  too  loosely  even  after  the  steel  band  is  on  but  the  difficulty 
1jj  easily  corrected  oy  giving  the  drum  several  turns  of  heavy  wrap- 
ping .paper  before  the  steel  band  is  applied.     The  paper  should  be 
$:?-ued  to  the  drum. 


SEED  C LEANING  SIEVES 


/  .TRACT 


The  set  of  sieves 
described  here  will, 
clean  ^'cur  crop  seeds 
effectively,  which 
is  an  important  step 

for  improved  crop  

production. 


T<?)I&  AMD  ilATERIALS 


12  -boards 

2}  x  5  x  46  cm. 
r  x2"x  18" 
12  -  wood  strips 

43|  cm. 


1  x 


21 


fn   X   1"  I?" 

1  -46  cm  (18  in.)  j 
^qu^re  of  ^"gal- 
vanise^ screen; 
1  -  same  but  3/ .16 11  screen 
1  -  same  but  l/d"  screen 
Kammer>  saw,  nails. 


WOOD  5  TRIP 
J  a*  'HICK 


0\  tfWLS,  5  SiDC 
™  ^C4f    PR    WXH  * 


DETAILS  * 

The  exact  size  of  these  sieves  is  no„  importint,  but  l/B",  3/iS" 
and  1/4"  mepfa  make  convenient  s*  zes  f  -}  cleani.  a£  wheat,  barley, 
corn  snd  s^e^d  of  5 i  *7ii 1  :> v  ^"i?*?;    T*l^   Aleves  art  a]  8b  useful  f* or> 
grading. certain  seeds.    Grading  consist    of  removing  the  small, 
weak  seeds  which  will  produce  email  weak  plants  or  will  riot  grow 
at  all.     Less  seed  oan  be  planted  per  acre,  if  it  1b  properly 
cleaned  and  graded,  and  still  produce  a  good  crop. 
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.BUCKET  3PHAYER 


ABSTRACT 

This  simple  sprayer  ^orks  on  the  sarie  principle  as  the  inertia 
pampj  and  is  designeu  so  that  local  artisans  can  make  it.     Two  people 
operate  it;  one  sprays  while  the  other  pumps. 


TOOLS  AND  MATERI  ALS 


Galvanized  iron. 30  cm  x  30  cm 

plus  10  cm  x  20  cm 
Barrel  metal  10  cm  x  20  cm 
1/V!  hose  (high  pressure)  4  m. 
i/4n  pipe  (truck  brake  line  may 

be  used)  50  cm 
Wood  for  handle  2  cm  x  15  cm 

x  30  cm. 

3/4"  galvanized  iron  pipe  (thin- 
wail)  120  cm  lone; 

4  iiim  ^' ire -20  cm 

Truck  inner  tube  material  10 
x  20  cm 

1  mn:  galvanized  w.<  "-e  r.;- 
4  -  3/16 11  bolts  7        ?*.  ^ 

2  -  ?/l6"  bolt?  .    ; ,•  c  cm  jong 


DETAILS 


The  bucket  spraver  described 
he..v   has  been  designed  primarily 
to  meet  the  heed  fo:_?  a  sprayer* 
which  can  be  bv.tlt  in  an  area 
where  pre  duct ion  f  acilities  are 
limited .This  sprayer  can  bs 
made  by  the  local  artisans .  It 
is  intended  only  for  watex*  solu- 
tions of  insecticides  or  fungi- 
cides . 


L-P^JUW  TAW* 


*        \  CM  UJNC, 


ION*  to 


CLAMPS 


Pt*C 


-2Jt_  Wu/*  tvr 

t*C»4  PIP*. 


The  sprayer  pump  is  ^f.tlc  inertia  type  which  consists  of  a 
iron  pipe  v;4.th  rh^  top  plugged  and  a  simple  valve  located  8  cm.  from 

the  tcr-o  valve  is  a  piece  of  truck __inncr ^  tube  rubber  wrapped  

around  the  pipe  and  held  in  place  by  wire .     One  corner  or  rubber 

is  over  a  hole  in  ';he  pipe .  Some  careful  adjustment  is  necessary 

when  placing,  the  rubber  to  make  sure  it  works  prope,  iy  and  does  not 
leak. 


The  pressure  tank  encloses  the  valve  assf  ably  and,  as  the  liquid 
is  pumped  into  the  tahk^  oulTds  up  jii^ssuiv.  anf?^  4t  erit  to  operate 
.the  simple  disk  type  spray  nozsle,.    The    ahk  is  built  so  that  it  can 
be  removed  in  order  to  service  the  valve. 
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The  length  of  the  hose  can  be  determined  by  the  maker  of  the  sprayer 
but  shbulg  be  about  4  meters  to  allow  the  man  doing,  thesprayihg  to 
cover  quite  a  large  area  before  having  to  move  the  bucket.    Also,  the 
length  of  the  small  pipe  and  the  angle  of  the  spray  nozzle  will  be 
determined  by  the  kind  of  crops  being  sprayed. 


At  times  it  will  be  necessary  to  "prime"  the  sprayer  pump.  This 
is  caused  by  two  things.  .Either  th -  ralve  rubber  is  too  tight  and 
the  air  cannot  be  forced  through  the  valve,  or  the  rubber  Is  stuck 
to  the  pipe*     To  prims  the  pump  turn  it  up-side  -down  and  fill  the 
pipe  with  v.  iter.    Holding  the  thumb  over  the  pipe,  turn  the  pump 
over  and  lower  it  into  the  bucket  of  liquid  and  start  pumping  in  the 
usual  manner.     If  priming  does  not  start  the  pump  it  will  then  be 
necessary  to  remove  the  pressure  tank  to  inspect  and  repair  the  valve, 


Only  very  clean  water  should  be  used  to  make  the  mixture  for  spray- 
ing and  it  should  be  strains!  through  a  cloth  after  mixing  to  remove, 
any  particles  which  might  cause  the  nozzle  to  plug.     If  a  very  fine 
brass  screen  is  available,  it  should  be.  put  in  the  nozzle  to  keep 
che  dirt  from  plugging  the  holes. 


GRAIN  CLEANER 


ABSTRACT 

-This  device  removes  round  seeds  from 
Wheat.     Sieved  grain  poured  slowly 
Hj*.;fi  the  chute  collects  at  "he  base 
of  the  inclined  platform  while  round 
seeds,  rolling  fast, fall  -ver 
the  far  side. 


TOOLS  /vND  MATERIAL 

1      70  x  'C  cm,  galvanizes 
iron 

1  -  24  x  140  cm.  galvanized 
iron 

4-2x4:,;  53  em.  wood 
I  -  2  x  4  x  25  cm.  wood 
1  -  2  x  8  x  80  cm. 
wood 

1  -  2  x  8  x  30  cm.  -  — 

wood  I 

1  -  2  x  8  x  34  cm.  54cwi 
wood        .   Ytt* 

He.nmer,  saw,  nails.  J 


X  Wheat  c 
2  C%{  **t  v. 


ollects 
here . 


ollects  here 
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BAMBOO  POULTRY  HOUSE 


ABSTRACT 


This  bamboo  poultry 
house  has  a  thatch 
roof  and  slat  walls  tc 
provide  good  ventila- 
tion.. The  elevated, 
slat  floor  keeps,  chick 
en b  cle'm  and  healthy 
while  the  egg  catch 
and  feed  troughs  sim- 
plify maintenance. 


TOOLS  AND  MATERIALS 

Bamboo 
Nails 

Thatching  materials 
Small  tc  ola 

DETAILS  *   *****         ^™  **** 

-The  house  1^  built  o.v  a  fron:e~of  ymalT  poles,  with  floor  poles 
raised  about  3  feat  from  the  ground .    The  floor  poles  are  covered  with 
large  bamboo  stalks,  spilt  i.-fco  strips  1  1/2"  wide,  spaced  1  1/2  apart. 
Floors  so  constructed  have  ^ev^era l  a  ivantages:     better  yenti Tat ioni 
no  problem  of  wet  moldy  "Utter  di. .Jing  rainy  season^ or  dry  dusfcry  lit- 
ter during  dry  season,  droppings  fail  between  split  reeds  to  ground 
away  from  chickens*    This  elimiiiated  para^^s  and  diseases  normally 
pasied  from  Hen  to  hen  through  dippings  remaining  warm  r.r>d  moist  in 
lit'ei-.    However,  it  has  been  suggested  that  wide  spacing  of  floor 
arid  wail  slat*  might  invito  *»arauders  such  as  weasels  and  shakes. 

c 

Wallu  a^e  constructed  from  vertical  strips  of  bamboo  1  1/2 11  wide, 
sp-eed  Z  1/2 11  to  3"  apart.    This  also  allows  ample  ventilation,  needed 
to  furnish  oxygen  to  the  chickans  and  to  allow  evaporation  of  excess 
noirture  produced  in  the  droppings .     In  the  tropics  the  problem  is 
to  keep  chickens  cool,  hot  warm.    Using  a  closed  or  tight -walled  poul- 
try nouec  with  a  solid  floor  would  keep  them  too  wa^in  and  result  in 
lowered  production  and  increased  respiratory  problems. 

The  roof  hust  prefect  the  chickens  fi*om  the  weather,     In  Mberia 
thatch  roofing  kecos  the  birds  coolA  but  it  must  bie  replaced  more  often 
than  most  ether  materials.    Since  it  is  cheap  and  reidily  available 
to  Shi.  small  farmer  cr  rural  family,  it  If  most  likely  to  be  used. 
Aluminum,  which  refects  the  heat  of  the  sun,  ar  "  aubestos,  an  effici- 
ent insulator,  are  desi.'-^ls  roofing  materials        the  tropics.  Zinc, 
whi^:**  i«  commonly  used  tw   *oqf  houses  in  Liber?  ^,  is  undesirable  for 
chl~K  n  houses  because  it  is  ah  efficient  conductor  of  Heat. 
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Whatever  the  roofing  material^  the  roof  must  have  an  overhang  cf 
or  3'  on  all  sides  to  prevent  rain  from  blowing  inside  the  h^se. 
tt  i.rny  be  desirable  to  slope  the  overhang  toward  the  ground; 

Feeders  and  waterers  are  ntPde  from  4  to  5"  diameter  bamboo  *  1  <? 
desired  length,  ft  node  or  Joint  must  be  left  intact  in  each. f 
the  bamboo  station  to  keep  the  feed  or  wate'r  ih.  A  section  3  ;l  ' 
wide  around  hax.^  y.^e  circumference  of  the  bamboo,  except'  for  i" 
sections  on  the  ehds^  is  removed  to  make  a  kind  of  trough.  All.  i^'es 
between  the  ends  are  removed..  These  feeders  must  be  fastened  at  th 
base^  to  keep  them  from  rolling. 

The  ft  eders  are  fastened  to  the  outside  of  vhe  walls  about  6" 
above  f?.>or  level      The  hens  place  their  .iieads  through  the'  ba/r/000 
strips  to  feed  oi>  drl-k,  thus  conserving  floor  space  for  additional 
chickens ♦ 

c 


Ih  lading  houses 
nests  are  also  con- 
structed of  split 
bamboo  for  unobstruc- 
ted ventilation. 
Conventional  lumber 
nests  are  hotter  and 
may  result  in  hens 
laying  eggs  on  the 
floor  instead  of  in 
the  nests".  This 
means  more  dirty 
eggs,  more  broken 
eggs,  and  more  like- 
lihood of  the  hens 
eating  the  broken 
eggs .    The  only  way 
to  cure  a  hen  of 

eating  eggs  once  

the  hab^t  is  formed, 
is  to  kill  her.  In 
addition,  as  the 
hens  enter  the  nests 
they  sit  on  eggs  laid 
prevl jizly  by  other 
hen^,  keeping  them 
worn;,  quality 
cf  0'5gs  deteriorates 
vei**\  fiat  under  these 
cp;icV/oibhs  • 

The  demonstration  nests  are  15"  long,  12"  wide,  and  lV  high .  Ths 


riQ.  Z      NCtfTS    IN      KS^aoo    PC«iLTQV  MOUSE 


strips  used  on  the  f loor  ol  the  nest 
apart ,  and  must  be  very  smooth.  The 


to  bac^i  so  that  when  the  e^gs  are  laid  they  will  roll  to  the  back  of 
tho  nest.  An  opening  2"  high  st  the  back  of  the  nest  aiibws  the  egys 
to  roil  out  of  the  he^t  into  an  egg  jcatch*    Thir  type  of  hest  results 


are  about 
floor  slopes 


wide ^spaced 
11  from  front 


in  less  egg  breakage,  cleaner  eggs*  better  quality  eggs,  because 
they  begin  to  cool  as  soon  a_^  they  roll  put_  of  the  nest^    In  addi- 
tion^ the  eggs  are  outside  tho*  nest  where  egg  eating  hens  cannot 
reach  then.     Placing  the  egg  catch  so  it  protrudes  outside  the 
wall  of  the  house  allows  the  eggs  to  be  gatheredf roiti  ou^ide.  _ 
Placing  the  nests  3*  above  the  floor  conserves  floor. opace  and  per 
mits  more  laying  hens  to  be  placed  in  the  laying  hous*.    One  nest 
±h  put  in  for  every  five  hens. 


EVALUATION 

The  poultr '  house  costs  nothing  but  labor  to  build  and  is  certain 
to  produce  healthier,  more  productive  chickens.     It  has  been  used 
successfully  in  the  Philippines  and  Liberia . 

DRAG  GF.DER 


ABSTRACT  * 

This  simple  metal  edged 
wooden  grader^ is  designed 
for  two  medium  sized  work 
horses  or  oxen. 


TCKT-S  AND  MATERIALS 


3"  x  i?"  lumber 
2  pieces  8 1  long 

1  piece    5 1  long 

2  pieces  l1  long 
3"  x  6"  lumber 

1  piece  4  1/P  long 
4  metal  edges  1  "!M  \:?  1/2" 

thick,  i*.?!^   long. 

17  lag  screws  7"  ±t  ^£5 

5/8*  diameter  _ 
2  'eye  bolts,  3r.  diameier 
_  eye  1 ^rge  washers 
12  feet  heavy  chain 
32  woodsc^ews,  3"  flat- 
head  steel. 


DETAILS 

The  angle  between  the  5»  and       fcea;:.j  should  be  made  30°  If  ritch 
cleaning  is  anticipated .    aX;e  unit  can  be  scaled  down  for  use  with, 
one  animal.    The  met*I_3dgr  ovez-nangs  tn.e  surfaces  of  the  S1  Sea,a  by 
one  iridic    Each  is  screwed  on  with  eight  large  wroodscrews  or  carriage 
bolts. 

Tht  position  of  the  scraper  isadjuut^d  by  changing  the  hitching 
poi^t  on  the  chain.    The  metal  ^dges^tre  attach^  t*.  both  top  and 
bottom  so  the  drag  can  be  turned  ovsr  to  reverse  th-  direction  in 
w'lich  material  ts  casts 
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CHICKEN  BROODER 


ATTRACT 

This  brooder  is  sufficient  sIm  f  ^_20C  chicks A_ar-d_lB  hingeri  f  or 
easy  access  to  corral  and  brooder.    Dimensions  are  shown  In  meter* 


TC  J^  AND  MATERIALS 

Hardware  cloth  1,2  x  2  m;;  2  pieces  this  size  needed. 
Aluminum roof ing 1,2       x  1.6  m.,  1.2  m«  x  ii7  m. 
Wood  ,  approximately  30  cm  s  g  cm  it        nu  . 
Ster.-l  rod  1  cm  diametei  x  3-2  m. 
4  iiihgei  about  8  cm  long 

Wcpdscrfwi  for  hinges  

2  buckets  cl«ai  dry  sand 
Nails: ticks,  staples 
Small  tools 
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DETAILS 

Thii3  chick  brooder  is  heated  by  a  regular_ele;ctric  light  bulb* 
placed  ctnder  the  brooder  floor.    Sand  placed  on  the  floor  of  the 
brooder  holds  and  distributes  the  heat,  and  helps  keep  the  area 
r-leah  arid  ary.    Depending  on  the  temperature  rise  required^  the  wat- 
tage of  the  lig^t  bulb  will  have  to  be_  chosen  by  experimentation  * 
The  metal  floor  .  .id  roof  prevent  predators  such  as  rats  from  enter- 
ing the  bro: :  ^r.     If  electric  power  is  not  available,  an  excavation 
can        niacin  ior  a  lantern.     »..-J  sure  the  lantern  has  adequate  ven- 
tildtidti..  . 


^VALLTATION 

This  type  of  brooder  :  is  cveri  v  3d  successfully  in  7r~uador  and 
other  places  sy  the  ind-  sencus  people,  to  raise  broilers  for  a 
cash  crop  3 


EARTH  EORER 


ABSTRACT  " 

This  simp lr.  lightweight  inexpensive  earth 
borer  developed  in  India  can  be  used  for  di^.  • 
glng  posthcles,  latrine  holes,  and  In  fact  any 
hole  with  a  diameter  from  8"  to  23"  or  even 
larger.    It  works  well  only  in  certain  ty€  es 
of  soil. 


TOOIS  AMD  MATERIALS 

Sarth  Borer  -  a  sim    ar_ earth  ;     er,  the  Ulti- 
Balti,   Lr  liiaiiUfact—  \$  by  the  "pricultu  \1 
De  > -logmen t  Sccie^  .   P.O.  Naini,'  Allahe  1, 
tJii*.,  ^i>dia  -  only  K.,e  cutting  head  is 
supplied  fo/»  about  ir     17,  nP.  25,  ,\r  about 
$,,0D.     It  weighs  3  i/t  Seers,  or  7.2  pounds, 
f.o.b.  fa&fct-.y,' 
^ntoo'  pole  -  15 1   to  j£  •   lohg,   smooth  and 
straight,  j.  1/V  dJametnr  maximum,, 

Barrel  meui. ..23"  x  9"  for  blade,  but  rough 
steel  1/16 M  thick  is  better. 

Strap  ire* j  -2  pieces  1/4"  x  1"  x  11" 

Machine  bolts  -  2,  3/8"  x  2M  with  huts  and 
loclcwashers  for  attaching  hr^j.e  to  £  oaps. 

Machine  Do?ts  -  4,  3/~'!  diameter  x  3/4"  long 
with  nuts  and  .lbckw^saars  .for  attaching 
straps  to  blade. 

iron  rivets  -  8,  1/4"  diameter  x  3/8"  l-njs  to 

_  fasten  ends  of  blade  together. 

Drill  -  with  1/4"  ard  j/8ff  bits 

Karnme  t  2nd  ah  i/i  1 

Wrench  ~ 

Heavy  tinsnrU-s 

File 
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Seymour's  Patent  Broad  Cast  Sowing  Machine, 


.IS  machine  wu  pHtented  In  1845  ind 
m  ytm  have  jiof «t  tt  to  be  une- 
qualled in  the  United  States  for  toe  purposei 
(or  which  it  ii  denned.  It  is  durable,  hav- 
ioc  botver)' little  machinery  to  perform,  as 

follows:     

It  sows  correctly  all  kind*  of  grain,  (and 
m  desired  quantity  j*r  acre,)  from  peas  t» 
gran  need,  including  wheal,  rye,  oata,  bat. 
ley,  buckwheat,  rice,  hemp,  flax,do_ver  and 
timothy  aecdj-alio,  plaittrr  lime,  tslt,ssh-- 
ej.  bone  dutt,  he,  *c.  It  U  capable  cf 
doting  etery  inch  of  around  on  an  acre  of 
land,  with  leti  than  half  a  bnihel  of  platter, 
and  thirty  or  My  bniheli  of  lime  msy  be 
thai  evenly  applied  to  theiame  amount  of 
land.  ItioWi  tenfeet  wide,  w  may  be  made 
narrower  to  order.  It  haa  received  the  high- 
cat  recommeiidiUQnifenOnMefl^of  jlje 
best  taiincri  taw  coontry,  and  received 
eight  premiums  from  Apteultural  Societies,  bceidei  foebla*; 
tit  Prize  and  Diploma  at  the  trial  of  Agricultural  Implements, 
held  at  Geneva,  July,  1853. 

the  foflowini  li  from  the  Albany  CulUfator  of  Jane,  1848, 
jwllMedi^MnLiTocter!   

«Tbil  cot  represents  Seymour's  Bowing  V*  le^aiftr- 
iiacdin  borlait,  Ithobeeuotenaivelyuiii  f  ternN. 
y  and  iimochapprtved.  Weiaw  many  t        •  "i«P 

fcmdi  of  grain  on  the  farm  of  John  DelalWay   

iailaitje«on  which  bad  been  aown  with  thu  .jiituioe,  and 
we  never  jaw  jrajn  fund  more  evenly  on  the  ground.  Mr. 
DeuflHd  annred  us  that  be  could  sow  ah^ihg^peijlia. 
ier.no^lrette,  gaanoj  kc,  or  any  teed  from  rrau  eeid  io 
peiVor  Indian  core,  wiw  perfect  eiactaeaa,padttating  the 

(mantity  per  acre  to  a  pint"  

Belcrencc  is  alsomsdeto  ell  the  Presidents.of the  Jyew 

York  State  Airicnltural  Society  who  have  presided  wnce 

Stt        {jf>PRICE  f55. 
Imirchaiedone  of  Mr.  Seymour's  Flatter  flowers  in  i854, 

and  it  was  used  by  myself  and  a  neighbor  in  sowing  thirty  or 


IbnytoBf  of piastu.  twithamajy^iitMJ^WMi 
andla^nowusiaibotb.  One band  win u  oraaarynom 

cansc^,  wiyioutBwjyaw«5JIIW^«5!  ft 
Then"   .baUoo  Ism  perfect  as  powiWe.  }£(*W\** 

et eri  Miuara  ineh  af  an  aewwm JwtfU*  "Jg^J 
bSbU  author,  Mr.  F.  t  N^S^fJ?,^^ 
it  with  one  peek.  Ieawiotinaafcwl*lyV^a»e^ 
-i  a  plaster  sower.  It  sows  timothy  seed  and  clow.  Ijava 
^  triad  it  with  wh«t,b«  IWaiia^itw^a^rwfll. 

tan«ni*,MaTcnVb5fc  

(^Directioas  for  aalng  aceompaay  each  ««M*rJ» 
communications  nompdy  «*■  ***** 

led  with  current  funds,  Immediately  filled. 

C.  H.  8EYMU1,  ManmVturw. 
P.  SEYMOUR)  Patentee. 

nr>Orden  received  at  the  omceof  the  American  rarmav 
foreiSeroftheabote.  *W" 


9 

ERIC 


49i 


THAT  has  given  such  general  satisfaction,  and  was  fullj  described  in  the  American  Farmer  last 
September  and  October,  has  been  so  improved  that  they  can  be  used  to  spread  lime  in  quantities 
varjing per  acre  from  2  bushels  up  jo  200;  also  to  sow  Guano  in  quantities  from  150  lbs.  to  any  desired 
amount  upward,  They  will  crush  all  hard  lumps  of  Guano  at  the  same  time  it  is  distributing,  and  will 
such  accuracy  that  in  no  other  way  can  be  excelled.  Price  (75. 

He  ftlsD  makei  machlneicxclusiyelj  for  sowing  Guano,  Super-pli6sp6ate  and  other  chemical  Perti- 
lizerSi  that  are  much  Ihjnterand  cheaper,  but  will  make  as  even  work,  and  as  speedy.  Price  175. 

tAH  orders  addressed  to  LEWIS  COOPER,  the  Patentee,  at  Christiana  P.  0.,  Lancaster  Co.,  Pa., 
will  meet  with  prompt  attention.  sepl*3t 


Beeper's  latest  &w  4  Gaaae  SpMm,  MifiSBfl  ANB  PLANTERS  DEPOT. 

X  E.  tiomh  llhandMrbt  St..  PBadeMia. 
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WELL  DRILLING  AUQER>  MTMSIONS^  ANB  HANBLE 


ABSTRACT  

nils  auger  is  fashioned  fTOm  star-dard  weight  steer  pfpe^  arid"  is _ 
intended  foruse  in  hand  drilling  small  diameter  wejls.    Hie  handle 
/  ;and  extenions  allow  boring  deep  holes. 


TOOLS  AND  MATERIALS 


lO  cmi  diameter  pipe  (4,f)j 

120  cm.  long,  for  auger 
3*4  cm*  diameter  pipe 

3  or  4  pieces,  30  cm*  lohg  for 

auger  and  extension  socket . 
2.6  cm.  diameter  pipe  (3/4") 

3  or  4  pieces  6. 3L  or  6.4.  , 

meters  long  for  drill  ex- 
tensions _-_ 
ii8  cnu  diameter  pipe  (2^2")  1 
_  3  or  4  pieces  6  cnu  long 
2  pieces  4_x  8  x  50  cm*  fiardwbbd 

for  handle  _ 
^2  pieces  mild  steel  0*3  x  8  x 

15  cm. 

4  bolts  with  nuts  1  cm.  -diameter 
x  10  cm.  long  .  i 

Hand  tools  and  welding  equipment 

DETAILS 

v  Figure  1 

The  auger  is  hacksawe^l  but  of 
standard  weight  pipe  approximate- 
ly 10  cm.  in  diameter.  \I4ightweight  tubing  does  not  stand  up  in  Use. 
The  flared  totfthed  cutting  edge  is  cut  on  one  end.    The  other  is  cut, 
bent  and  welded  to  a  section  of  ln  pipe.    This  pipe  forms  a  socket, 
for  the  drill  line  extensions.    A  slot  running  nearly  the  length  of 
the  auger  is  used  when  clewing  out  the  earthy    Bends  are  stronger 
and  made  easier  and  more  accurately  with  the  metal  hot.    Figure  2 
shows  the  dimensions  of  the  augers    Figure  3  shows  the  extensions ^ 
while  Figure  4  the  handle. 


EVALUATION 

■  / 

 i  ....    ---  •  .  -  _  ^ 

Equipment  designed  has  been  used  successfully  in  Viet  Nam.  At 
least  three  sets  have  had  f  airlyx extensive  use.    The  original  auger 
had  two  cutting  lips  similar  to  a  post  hole  auger.    This  was  discarded 
in  favor  of  the  design  described  here  since  the  soil  in  Viet  Nam 
r  plugged  up  the  auger  instead  of  ratting  cleanly.    In  some  soils  an 
*  auger  with  cutting  lips  might  work  more  effectively. 

Material  From  -  Richard  Gi  Koegel,  International  Voluntary  Ser- 

vices*  Ban  Me  Thuot,  Viet  Nam,  April  1959- 
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Extension,  Will  Drilling  Avjtr 
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Handle.  Well  Drilling  £yger 

Sctk'jSiu      mit  <bheri»oti 
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AUGER  CLEANER 


ABSTRACT 

Tills  simple  cleaning  tool 
allows  rapid  removal  of  soil 
from  the  well  drilling  auger, 


TOOLS  AND  MATERIALS 

10  cm,  square  of  mild  steel 

3  mm.  thick 
52  cm,  of  steel  rod,  1  cm, 

diameter 
Welding  equipment 
Hacksaw 
File 


DETAILS 

See  Figures  1  and  2,  and 
the  entry  "Well  Drilling"  for 
details  of  how  to  use  this  device* 


EVALUATION 

Equipment  designed  has  teen  used  succ 
least  three  sets  have  had  fairly  " 


in  Viet  Nam,  At 
use. 


Material  From  -  Richard  0.  Koegel   

International  Voluntary  Services 
Ban  Me  Thuot,  Viet  Nam,  April  1959 
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DEMOUNTABLE  REAMER 


ABSTRACT 

This  reamer  attaches  to  the 
Well  Drilling  Auger  If  It  is 
desired  for  any  reason  to  en- 
large the  diameter  of  the  hole 
drilled. 


TOOLS  AND  MATERIALS 

SO  cm,  x  5  cm,  _x  6  mm*  mild 
steel  (provided  the  desired 
well  diameter  is  19  cm.) 

Two  8  mm.  diameter  bolts,  10  cm, 
long 

Hacksaw 

Drill 

File 

Hammer 

Vise 


DETAILS  Figure  1 

'Oils  reamer  is  mounted  with  two  hook  bolt?  to  the  top  of  the 
auger.    It  is  made  from  a  piece  of  steel  i  cm.  larger  than  the  de- 
sired well  diameter.     See  Figure  2. 

If  It  Is  desired  to  ream  out  the  hole  to  a  larger  diameter,  the  . 
reaming  cutter  Is  attached  to  the  top  of  the  auger  with  the  two 
hook  bolts  and  the  bottom  of  the  auger  is  plugged  with  a  piece  of 
wood  or  some  mud,  so  that  the  cuttings  will  be  caught  inside,  the 
auger.    For  reaming,  the  auger  is  rotated  with  only  slight  down  pres- 
sure.    It  should  be  emptied  before  it  is  too  full  in  order  to  avoid 
too  many  cuttings  falling  to  the  bottom  of  the  well  when  the  auger 
is  pulled  Up. 


EVALUATION 

The  depth  of  a  well  Is  much  more  important  in  determining  the  flow 
than  the  diameter,  and  doubling  the  diameter  means  removing. four 
times  the  amount  of  earth .     Therefore,  only  under  special  circum- 
stances should  larger  diameter  Welia  ^ ^considered. 

Material  From  -  Richard  G.  Koegel   

International  Voluntary  Services 
Ban  Me  Thudt,  Viet  Nam,  April  1999. 


474 


$09 


ERLC 


Symmetry  about  4  - 


ftm±  Doffed  tjrm  Show  Qmm* 


Stamen  WdJ  Drilling  toyg 

Scab-  j  Silt      Mail.   Mild  Stiff 
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DRILLING  ROCK 


ABSTRACT 


This  heavy  drilling  bit  has 
enabled  hand  drilling  through 
sedimentary  stone  layers. 


TOOLS  AND  MATERIAL 

Steel  bar  about  7  cm.  ih  dia- 

meter,  about  1  1/2  m.  long, 

weighing  about  80  kilograms • 
Stellite  ^A  very  hard  variety 

of  tool  steel)  Insert  for 

cutting  edge  

Anvil  and  Hammers  for  shaping 
2  1/2  cm.  x  2  cm.  x  50  cm.  steel 

for  bail 
Welding  equipment 

_  .        Figure  1 

DETAILS 

The  did  11  bit  for  cutting  through  stone  and  hard  formations  was 
made  from  a  mild  steel  bar  weighing  about  80  kilograms  (175.  pounds) . 

The  90°  cutting  edge  was  hard  surfaced  with  stellite  and  a  bail  was  

welded  to  the  top  for  attaching  a  rope. .    The  bail  should  be  made  large 
enough  to  facilitate  "fishing"  if  the  rope  should  ever  break.  See 
Figure  1  and  2.    Originally  a  1"  rope  was  used.    However,  this  was  sub- 
ject to  considerable  wear  when  working  in  mad  and  water,  so  recently 
a  1  cm.  steel  cable  was  substituted  which  thus  far  seems  to  be  working 
out  well.    It  is  still  too  soon,  though,  to  tell  which  is  most  suit- 
able.   A  swivel  is  mounted  between  the  bit  and  the  rope  or  cable  to 
allow  the  bit  freedom  to  turn* 

Since_ih_spme  :case_sx_a  bar_  this  size  may  be  diff icult_to_  f ind  or 
prohibitively  expensive,  it  probably  would  be  possible  to  fabricate  a 
bit  by  welding  a  shprt  steel  cutting  end  on  to  a  piece  of  pipe  which 
was  filled  with  concrete  to  give  it  the  desired  weight.    This;  however, 
has  not  yet  been  tried . 

When  stone  or  other  substances  which  cahhbt  be  penetrated  by  the  auger 
are  encountered,  the  drilling  bit  must  be  used.    The  pulley  is  put  in 
place  as  with  the  bailing  bucket^  arid  the  bit  is  attached  to  its  rope  or 
cable  and  lowered  into  the  well.    Since  the  bit  is  heavy,  a  practice 
should  be  made  of  wrapping  the  rope  once  or  twice  around  the  back  leg  of 
the  tripod,  so  that  the  bit  cannot  "get  away"  from  the  workers  with  the 
chance  of  someone  being  hurt  or  the  equipment  getting  damaged.    It  was 
f otand  that  the  easiest  way  to  raise  and  drop  the  bit  was  to  run  the  rope 
through  the  pulley  and  then  straightback  to  a  tree  or  post  where  it  is 
attached  at ;  shoulder  height  or  slightly  lcwer.    lhe_wprkers  then  line  up 
along  the  rope  and  raise_  the  bit  by  pressing_down  on  the  rope  and  then 
drop  it  by  quickly  allowing  the  rope  to  return  to  its  original  position 
(Figure  3) .    This  requires  five  to  seven  men,  and  in  the  villages  occa- 
sionally more  were  used. 
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Dimensions  shown  in  millimeters.** 
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WELL  DRILLING  TRIPOD  AND  PULLEY 


ABSTRACT 


This  tripod  is  a  necessary  part 
of  the  equipment  for  drilling  and 
jaupporting  drill  line. 


TOOLS  AND  MATERIALS 

3  poles,  15  cm.  diameter,  4.25  rii. 

._  long  _   5 

Wood  1.1  m.  x  12  cm.  square,  for 
cross  bar 

Pulley  wheel  -  wood  25  cm.  diameter 
5  cm.  thick,  5  cm.  piece  of  1/2 n 
pipe  — 

Axle  bolt  -  fits  close  inside  1/2" 

-  PiPe 

80  cm.  angle  iron,  50  cm.  webbs, 

5  mm.  thick. 
4-12  mm.  bolts,  14  cm.  long,  nuts 
_  and  washers. 

1-  16  mm.  bolt,  40  cm.  long,  nuts 
and  washers  •  '■  '"' 

2-  16  mm.  bolts,  25  cm.  long,  nuts 
and  washers 


FIGURE  1 


DETAILS 

The  tripod  (Figure  1  and  2)  which  is  made  of  poles  and  assembled 
with  16  mm.  bolts  serves  three  purposes:  to  steady  the  extension 

of  the  auger  when  it  is  extending  far  above  ground .     (2)  To  provide 
a  mounting  for  the  pulley  (Figure  3  and  5)  used  in  connection  with 
the  drill  bit  and  bailing  bucket  and  (3)  to  provide  a  tall  place  for 
leaning  long  pieces  of  casing,  pipe  for  pumps,  or. auger  extensions 
while  they  are  being  put  into  or  taken  out  of  the  well. 

When  a  pin  or  bolt  is  put 'through  the  holes  in  the' two  ends  of  

the  "L"  shaped  pulley  bracket  (Figure  1' and  4)  which  extend  horizon- 
tally beyond  the  front  of  the  tripod  crossbar  a  loose  guide  for  the 
upper  part  of  the  auger  extension  is  formed.     -         ,  ; 


EVALUATION 


Equipment  designed  has  Jseen  used  successfully  in  Viet  Nam, 
least  three  sets  have  had  fairly  extensive  use. 


At 


Material  From  -  Richard  G.  Koegel 

International  Voluntary  Services 
?    Ban  Me  Thubt,  V^et  Nam,  April, 
1959.  "i 
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BAILING  BUCKET 


Abstract 

Kits  device  allows  drilling  to 
continue  when  cuttings  are  too 
loose  (Figure  1)  to  be  removed 
with  the  auger i 


TOOLS  AND  MATERIALS 

Pipe  -  1  to  2  cm.  smaller  in  dia- 
meter than  the  auger  -  say  8.5 
cm.  diameter y  l80  cm.  long 

10  cm.  diameter  steel  rod,  25  cm. 
long  (for  Bail)   

Steel  plate,  lb  cm.  square,  4  mm. 
thick 

Steel  bar,  10  cm.  long,  5  ronu  thick 

1  cm.  wide 
Machine  screw,  nut,  washer  -  3  mm. 

diameter,  16  mm.  long 
Truck  innertube,  4  mm.  thick,  10 

mm.  square 
Welding  equipment 
Drill,  hacksaw*  hammer  vise,  file 


FIGURE  1 


DETAILS 

Both  standard  weight  pipe  and  thin-walled  tubing  were  triad  for 
the  bailing  bucket.    The  former,  being  heavier,  was  harder  to  use, 
but  did  a  better  Job  and  stood  up  better  under  use.    Both  the  steel 
bottom  of  the  bucket  and  the  rubber  valve  should  be  made  neavy  enough 
since  they  receive  hard  usage .    In  addition,  as  seen  in  Figure  1  and 
Figure  2  the  metal  bottom  is  re -ihf breed  with  a  cibsHpiece  welded  in 
place. 

When  water  is  reached,  the  cuttings  are  no  longer  firm  enough  to 

be  brought  up  in  the  auger,  and  the  bailing  bucket  must  be  used  for  

cleaning  out  the  well  as  wqrkrrogresses. ,  For^using  the  bailing  bucket 
the  pulley  ip  mounted  in  the  pulley  bracket  with  a  16  mm.  bolt^  as  axle. 
The  rope  which  is  attached  to  the  bailing  bucket  can  then  be  run  over 

the  pulley  and  the  bucket  i^v^red  into  the _we;±i;  It  should  be  noted 

that  the  pulley  bracket  is  eo  desired  that  phe  rope  coming  off  the 
pulley  llneBup  vertically  with  the  well,  so  thatt  there  Is  no    need  to 
shift  the  tripod i 

The  bucket  is  lowered  into  the  well  by  preferably  two  men  and  allowed 
to  drop  the  last  meter  or  meter  and  one-half  so  that  it  will  hit  the 
bottom  with  a  little  velocity  and  some  of  the  solids  at  the- bottom  of 
the  well  will  be  forced  up  into  the  bucket  by  theimgact.    The  bucket 
should  be  then  repeatedly  raised  and  dropped  one  to  two  meters  to  pick 
up  additional  material.    Experience  will  best  indicate  how  long 
this  should  be  continued  for  maximum  results  before  raising  and 
emptying  the"  bucket. 

5is 


WELL  CASING  AND  PLATFORMS 


ABSTRACT 

Although  plastic  casing 
appears  an  Ideal  material, 
It  Vas  unavailable  neces- 
sitating the  development 
of  galvanized  iron  and  con- 
crete casings  described  here. 


TOOLS  AND  MATERIALS 


230  cm.  wooden  V  block   

2  sections  steel  angle  Iron 

230  cm.  long 
10  cm.  diameter  pipe,  230  cm. 

long 
Clamps 

Wooden  mallet 
Soldering  equipment 


DETAILS 

In  home  or  village  wells,  casing  usually  serves  two  purposes:  (1) 
to  prevent  any  caving  in  of  the  well  sides  and  (2)  as  a  seal  to  pre- 
vent entrance  of  any  polluted  surface  water  into  the  well.  Pour 

suggestions  In  regard  to  casing  are  offered,  the  first  two  of  which  „. 

have  been  used  successfully  in  connection  with  this  project.     It  is 
proposed  that  the  remaining  two  be  tried,  but  as  yet  time  has  not 
permitted . 

Plastic  Casing  -  Black  plastic  pipe  of  the  type  used  for  sewers  and 
drains  proved  to  be  almost  ideal.     Its  friction  joints  could  be  quick- 
ly slipped  together  and  sealed  with  a  chemical  solvent;  it  was  light 
enough  to  be  lowered  into  the  well  by  hand,  it  could  be  easily  sawed 
or  drilled  by  hand  to  make  a  screen;  and  frbm  all  appearances,  it 
was  extremely  durable .  v 

Galvanized  Sheet  Metal  Casing  -  Since  galvanized  sheet  metal  was 
readily  available  in  the  Banmethuot  area,  it  was  decided  to  make  sheet 
: metal  casing  similar  to  down-spouting.     The  thickness  of  the  material 
was  0.4  mm.     ( .016  inch)  but  a  somewhat  thicker  'gauge  would  have  been 
preferable  had  it  been  available .     Since  the  she&t  metal  itself  would 
not  last  indefinitely*  the  well  hole  was  made  oversize  and  the  annular 
space  around  the  casing  was  poured  full  of  a  thin  concrete  mixture  which 
when  it  hardened  formed  a  cast  concrete  casing  and  seal  outside  of  the 
sheet  metal . 

-*The  metal  was  purchased  in  she  by  two  meters  and  

split  into  three  equal  pieces  lengthwise  which  yielded  three,  two  meter 
lengths  of  10  cm.  diameter  pipe.    The  edges  of  the  strips  were  first 
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formed  in  preparation  for  making  the  searru    Since  ho  sheet  metal 
brake  Was  available,  this  was  accomplished  by  clamping  the_edges_ 
between  two  angle  irons  slightly  longer  than  two  meters  and  pound- 
ing the  edge  over  with  a  wooden  mallet .    The  resulting  strip  when 
seen  from  the  end  would  appear  as  follows: 


n   — i "' 

The  seam  is  made  slightly  wider  at  one  end  than  at  the  other,  so 
.that  the  resulting  pipe  has  a  slight  taper  allowing  successive 
lengths  to  be  slipped  a  short  distance  inside  one  another; 

This  strip  was  rolled  up  by  bridging  it  over  a  two  meter  long  wood- 
en V  block  and  applying  pressure  from. above  with  a  length  of  two _ 
inch  pipe  (Figure  1) .     The  sheet  metal  strip  was  shifted  from  side 
to  side  over  the.  V  block  as  bending  continued  to  get  as  uniform  a 
surface  as  possible.    When  the  strip  had  been  bent  enough  the  two 
edges  were  hooked  together  and  the  two-inch  pipe  was  slipped  in- 
side .     The  ends. of  the  two-inch  pipe  were  then  set  up  on  wooden 
blocks  so  that  it  formed  an  anvil,  and  the  seam  was  firmly  crimped 
over  as  shown • 


After  the  seam  was  finished  any  irregularities  in  the  pipe  were 
removed  by  applying  pressure  by  hand  and  by  use  of  the  wooden  mal- 
let and  pipe  anvil .    A  local  tinsmith  and  his  helper  were  able  to 
make  six  to  eight  lengths  ( 12-16  meters)  of  the  pipe  per  day.  Three 
lengths  of  pipe  were  slipped  together  and  soldered  as  they  were  made, 
and  the  remaining  Joints  had  to _be  soldered  as  thl  casing  was  lowered, 
into  the_well._  The  lower  end  of  the  pipe  was  perforated  with  a 
hand  drill  to  form  a  screen.    After  the  casing  was  lowereji  to  the 
bottom  of  the  well,  fine  gravel  was  packed  around  the  perforated 
portion  of  the  casing  to  above  the  water  level. 

The  cement  grouting  which  was  used  around  the  casings  varied  from 
pure  cement  to  a  1:1  1/2  cement _z_  sand  ratio  mixed  with  water  to  a 
very  plastic  consistency.     The  grout  was_put  around  the  casing  by 
gravity  and  a  strip  of  bamboo  about  ten  meters  long  was  used  to  rod" 
the  grout  into  place .     A  comparison  of  volume  around  the  casing  and 
volume  of  grouting  used  indicated  that  there  may  have  been  some 
voids  left  probably  below  the  reach  of  the  bamboo  rod.    These  are 
hot  serious  however,  as  long  as  a  good  seal  is  obtained  for  the  first 
eight  to  ten  meters  down  from  the  surface .     In  general,  the  greater 
proportion  of  cement used  and  the  greater  the  space  around  the 
casing,  the  better  seemed  to  be  the  results  obtained.    However,  in- 
sufficient experience  has  been  obtained  to  reach  any  final  conclu- 
sions .     In  addition,     economic  considerations  limit  both  of  these 
factors . 
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It  should  be  pointed  out  that  some  care  must  be  taken  In  pouring 
the  grout.    In  one  case  where_ two  sections  of  casing  were  not  as- 
sembled perfectly  straight,  the  casing,  as  a  result  was  hot  centered 
in  the  well,  the  pressure  of  the  grouting  was  hot  equal  all  the  way 
around,  and  the  casing  collapsed.    Reasonable  care'  and  pouring  the 
grout  in  several  stages,  allowing  it  to  set  in-between,  should  eli- 
minate this.    The  grouting,  however,  cannot  be  poured  in  too  many, 
stages,  since  a  considerable  amount  sticks  to  the  sides  of  the  well 
each  time  reducing  the  space  for  successive  pourings  to  pass  through. 

ft  proposed  modification  of  the  above  method  which  has  not  yet  been 
tried  is  as  follows:     In  areas  such  as  Ban  Me  Thuot,  where  che  struc- 
ture of  the  material  through  which  the  well  is  drilled  is  such  that 
there  is  little  or  no  danger  of  cave  in,  the  casing  serves  only  one 
purpose,  asa  sanitary  seal.    It  is  therefore  proposed that  the  well 
be  cased_bhly  approximately  eight  meters  down  from  the  ground  sur- 
face*     To  do  this  the  well  would  be  drilled  to  the  desired  depth 
with  a  diameter  roughly  the  same  as  that  of  the  casing.  _The  well 
would  then  be  reamed  out  to  a  diameter  five  to  six  centimeters  larger 
than  the  casing  down  to  the  depth  the  casing  will  go.  ft  flange 
fitted  at  the  bottom  of  the  casing  with  an  outside  diameter  about 
equal  to  that  of  the  reamed  hole  would  serve  to  center  the  casing 
in  the  hole  and  to  support  the  casing  on  the  shoulder  where  the 
reaming  stopped.    Grouting  would  then  be  poured  as  in  the  original 
method.    This  modification  would  (l)  save  considerable  costly  materi- 
al,  (2)  allow  the  well  to  be  made  a  smaller  diameter  except  hear 
the  top,   (3)  lessen  grouting  difficulties,  and  (4)  still  provide 
adequate  protection  against  pollution . 

Concrete  Tile  Casing  -  If  the  well  is  enlarged  to  an  adequate 
diameter,  precast  concrete  tilewith  suitable  joints  could  be  used 
as  casing.    This  would  require  a  device  for  lowering  the  tile  into 
the  well  one  by  one  and  releasing  them  at  the  bottom.    Mortar  would 
have  to  be  used  to  seal  the  joints  above  the  water  level.,  the  mortar 
being  spread  on  each  successive  joint  before  it  was  lowered*,  As-_ 
bestos  cement  casing  would  also  be  a  possibility  where  it  vets  avail- 
able with  suitable  Joints. 

No  Casing  -  The  last  possibility  would  be  to  use  no  casing  at  all. 
It  is  felt  that  when  finances  or  skills  do  not  permit  the  well  to 
be  cased,  there  are  certain  circumstances  under  which  ah  uncased 
well  would  be  superior  to  no  well  at  all.    This  is  particularly  true 
±h  localities  where  the  custom  is  to  boil  or  make  tea  out  of  all 
water .before  drinking  it,  where  sanitation  is  greatly  hampered  by 
insufficient  water  supply,  and    ^ere  small  scale  hand  irrigation 
from  wells  can  greatly  improve  uie  diet  by  making  gardens  possible 
in  the  dry  oeasdn. 

The  danger  of  pollution  in  an  uncased  well  can  be  minimized  by: 
£l)     choosing  a  favorable  site  for  the  well  and  (2)  making  a  plat- 
form with  drain  leading  away  from  the  well  which  eliminates  all 
spilled  water. 

Such  a  well  shpuldbe  tested  frequently  for  pollution^  and  If 
found  to  be  unsafe,  a  notice  to  this  effect  should  be  posted  conspi- 
cuously near  the  well. 
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Well  Platform  -  In  the  work  in  the  Ban  Me  Thuot  areas,  a  flat  square 
slab  of  concrete  (1.75  meter  x  1^75  meter)  was  used  around  each  well. 
However;  under  village  conditions^  this  proved  toieave  much  to  be 
desired.    Earge  quantities  of  water  were  spilled^  seemingly  in  part 
due  to  the  enthusiasm  of  the  villagers  for  having  a  plentiful  water 
supply,  and  the  areas  around  wells  became  quite  muddy* 

The  conclusion  was  reached  that  the  only*  really  satisfactory  plat- 
form would  be  a  round,  slightly  convex  one  with  a  small  gutter  ag- 
round the  outer  edge.    The  gutter  should  lead  to  a  concreted  drain 
which  takes  the  water  a  considerable  .distance  from  the  well. 

If  the  well  platform  is  too  big  and  smooth,  there  is^ a  great  temp- 
tation on  the  part  of  the  villagers  to  do  their  laundry  and  other" 
washing  around  the  well,    ihis  should  be  discouraged,,    in  villages 
where  animals  run  loose  it  is  necessary  to  build  a  small  fence  a- 
round  the  well  to  keep  out  animals,  especially  poultry  and  pigs, 
which  are  very  eager  to  get  water,  but  have  a  tendency  to  mess  up 
the  surroundings . 

EVALUATION 

_  Wells  were  installed  for  about  $16.90  of  material  plus  labor. 
This  does  not  include  a  pump: 

eosT  ep  WELES 

No  charge  for  labor has  been  included  below,  since  thus  fartfie 
wells  have  been  a  cooperative  venture  by  the  villagers.  Assuming 
about  20  meters  (65  feet)  depth: 

VN  Piasters      U^S^^ Dollars 
Depreciation  oh  Equipment  ........  100  1*35 

Casing,  sheet  metal  927 .5$VN/meter  x  20  m.        550,  7.^ 

Cemenh  and  Sand  for  Grouting.  ......         250  3.38 

Cement  and  Sand  for  Platform.  ......         350  4.73 


TOTAL  -  -  -  -      1,250$VN  $16.90 

Using  other  forms  of  casing  the  cost  would  be  slightly  higher  or 
lower. 

Material  From  -  Richard  G.Koeg el     

International  Voluntary  Services 
Ban  Me  Kiuot,  Viet  Nam,  1959 
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TUBEWELL  WITH  CASING  PIPE 


ABSTRACT; 

Where  soil  c^naiH?ns._permltJj 
the  tubewell  described  here  will 
provide  pure  water.  Is  much  easier 
to  Install,  and  costs  considerably 
less  than  large  diameter  wells i 


TOOLS  AND  MATERIALS 

Asbestos  cement,  tile^  concrete, 
or  even  galvanized  iron  Will  do, 

Casing  pipe  £f  rom  pump  to  water- 
bearing layer  to  below  minimum 
water  table) i 

Sand 

Gravel 

Cement 

Device  for  lowering  and  placing 


CUCMTI  — 

 ***** 

A^AIHIT  


Drilling  rig  -  see  "Tubewell  Boring" 
Foot  valve,  cylinder,  pipe,  hand- 
pump  . 


DETAILS 

In  areas  where  a  simple  earth 
borer  or  earth  auger  works  £ie.  allu- 
vial plains  with  few  rocks  in  the 
soil),  and  where  there  is  a  perme- 
able (sandy)  water-bearing  layer, 
.50  feet  or  less  from  the  surface*  the 
tubewell  will  probably  work  well . 

It  is  a  sealed  well  which  will  pro- 
vide pure  water  and  offers  no  hazard 
to  small  children.     It  is  intended 
for  the  individual  family  or  small 
group  of  families  since  it  may  not 
have  the  capacity  for  a  large  group . 
Since  there  is  only  a  small  hole  to 
dig  and  a  small  amount  of  purchased 
material  involved,  the  tubewell  ib 
quite  inexpensive  to  install. 

(    Because  of  the  small  diameteir  of 
these  wells,  their  storage  capacity 
is  limited;    Theref ore *  their  yield 

will  depend  largely  upon  the  rate  

with  which  water  from  the  surrounding 
soil  flows  into  the  well.    Prom  a 
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saturated  sand  layer  the  flow  is  rapid;    2ft  flowing, water  quickly  re- 
places the  water  being  drawn  from  the  well*    A  well  tapping  such  a 
layer  seldom  goes  dry;    However^  even  when  watSi>tear±hg  sand  cannot 
be  reached,  the  requirements  of  the  household  may  be_such  that  a 
well  with  even  a  limited  storage  capacity  can  be  utilized. 

The  hole  is  dug  as  deep  as  possible  into  the  water-bearing  strata 
as  described  in  ^Tubewell  Boring."    The  diggings  are  placed  near 
the  hole  to  make  a  mound,  which  later  will  serve  to  drain  spilled 
water  away  from  the  well.  _  _T5iis  is  ..important  s^ce  baciwash  is  one 

of  the  few  sources  of  contamination  for  this  type  of  well,  ttie  

entire  casing  pipe  below  water  level  should  be  perforated  with  many 
small  holes.    These  should  be  no  larger  than  3/l6n  in  diameter  at 
the  maximum.    Holes  larger  than  this  will  allow  coarse  sand  to  be 
washed  inside.   Jffiis  will  plug  up  the  well.    Pine  particles  of  sand, 
however,  are  expected  to  enter.    These  should  be  small  enough  to 
be  pumped  immediately  out  through  the  pump.    This  keeps  the  well 
clear i    It  may  be  that  the_first  water  from  the  hew  well  will  bring 

with  it  large  quantities  of  fine  sand.    When  this  happens*,  the  first  

strokes  should  be  strong  and  steady  and  continued  until  the  water  comes 
clear. 


Perforated  casing  is  lowered,  beii 
end  downward,  into  the  hole  using  the 
device  shown  in  Figure  2.    When  proper- 
ly positioned,  the  trip  cord  is  pulled 
and  the_hext  section  prepared  ahd_ low- 
ered.   Since  holes  are  easily  drilled  in 
Asbestos  cement  pipe,  they  can  be  wired 
together  at  the  Joint  and  lowered  into 
the  well.    Be  sure  the  bells  point  down- 
ward, since  this  will  prevent  surface 
water  or  backwash  from  entering  the  well 
without  the  purifying  filtration  effect 
of  the  soil  as  well  as  sand  and  dirt  from 
filling  the-  well.     Install  the  casing  ver- 
tical and  fill  the  remaining  space  with 
pebbles i    This  will  hold  the  casing  plumb. 
Hie  casing  should  rise  1 1  to  2f  above 
ground  level  and  be  surrounded  with  a  con- 
crete pedestal  to  hold  the  pump  and  drain 
spilled  water  away  from  the  hole.  The 
casing  joints  that  are  within  lO^feet  of 
the  surface  should  be  sealed  with  concrete 
or  bituminous  material; 


EVALUATION 


Many  of  these  wells  were  installed  by 
the  American  Friends  Service  Committee, 
Barpali  team,  and  all  have  been  producing 
water  for  several  years. 


Material  From'  -  11  Explanatory  Notes  on  Tubewells" 

by  Wendell  Mott,  AFSC,  Barpali 
project  i 
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TOBEWELL  BORING 


ABSTRACT 

simple  hand  drilling  rig  bores 
6"  to  8"  diameter  holes  up  to  5© 1  deep 
for  installation  of  tubewells  * 


TOOtS  AND  MATERIALS 
Earth  auger 

Coupling  to  attach  to  1"  drill  line 
(see  other  entries  on  earth  augers) 

Standard  weight  galvanized  steel  pipe 
Pour  -  ieM  sections  of  i"  diameter 
(2  pieces  have  threads  on  one  end 
only;  others  need  hb  threads^) 
Two  -  3  1/2 1  sections  of  1"  diameter 
(1  piece  has  threads  dri  one  end 
only;  the  other  needs  no  thread.) 
(Above  sections  for  drill  line.) 

Two.  -_2»  .sections  of  1"  diameter 

( both  threaded  one  end  onlyj  

(Sections  for  turning  handle.) 


ter 


Pour  -  lf  sections  of  1  i/4"  di 
(Sections  for  Joint  A«) 


One  -  9M  section  of  1  1/4 11  diameter 
_  (threaded  one  end  only) 
One  -  14"  section  of  1  l/2fl  diameter 
1  (threaded  one  end  only) 
One  -  1  1/4"  to  1"  reducer  coupling 
One  -  1  1/2"  to  1"  reducer  coupling 
(Sections  and  couplings  for 
Joint  B.) 

One  -  i"  T  coupling  (turning  handle) 

Eight  -  3/8"  diameter  hex  head  steel 
machine  bolts  1  3/4"  long  with  huts, 

Tfto  -  3/8"  diameter  hex  head  steel 
machine  bolts  2"  long  with  nuts. 

Nine  -  3/8"  steel  hex  nuts 


One  -  1/8"  diameter  countersink  head 

iron  rivet  1/2"  long 
One  -  1/16"  sheet  steel  3/8"  x  1" 
(To  make  toggle  bolt . ) 


DrillB  -  1/8 'V  13/32",  13/16" 


Sib51 
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Thread  cutting  dies  or  buy  pipe  already 
threaded* 

Small  tools  -  wrenches,  hammer!/ hacksaw, 
__  files,  etc* 

Wood,  nails,  rope,  ladder,  etc.  for  plat- 
form/ 


DETAILS 

Wiis  method  will  work  in  places  where 
the  water  level  is  within  40  to  50  feet 
from  the  surface,  and  where  there  are 
no  rock  formations  to  obstruct  drilling* 
These  conditions  are  most  often  found 
in  the  alluvial  plains  of  x^ver  valleys 
See  the  entry  oh  tubewells  for  directions 
to  assemble  the  well.    This  description 
covers  the  tools  and  the  method  for  dril- 
ling the  hole* 

Basically  the^ method  consists  of  rota- 
ting an  ordinary  earth  auger.    As  the 
auger  penetrates  the  earth,  it  fills 
with  soil.    When  full  it  is  pulled  out 
of  the  hole  and  emptied.    As  the  hole 
gets  deeper*  more  sections  of  drilling 

line  are  added  to  extend  the  shaft*  Joint  A  in  Figures  1  and  2  des- 
cribe a  simple  method  for  attaching  hew  sections* 


ft*  s 

JOINT  A 


By  building  an  elevated  platform  10  to  12  feet  from  the  ground,  a 
25  foot  long  section  of  drill  line  can  be  balanced  upright*  Longer 
lengths  are  too  difficult  to  handle •_  Therefore,  when  the  hole  gets 
deeper  than  25_feetA  the  drtll  linemustbe  taken  apart  each,  time  the 
auger  is  removed  for  emptying*    Joint  B  facilitates  the  operation* 
See  Figure  1  and  3, 

Joint  C  is  proposed  to  allow  rapid  emptying  of  the  auger*  Some 
soils  respond  well  to  drilling  with  an  auger  that  has  two  sides  open. 
These  are  very  easy  to  empty,  and  would  not  require  Joint  C*  Find 
out  what  kinds  of  augers  are  successfully  used  In  your  area,  and  do 
a  bit  of  experimenting  to  find  the  one  best  suited  to  your  soil* 
See  the  entries  on  augers. 

Joint  A  has  been  found  to  be  faster  to  use  and  more  durable  than 
pipe  threaded  connectors^  The  pipe  threads  become  damaged  and  dirty 
and  are  difficult  to  start.    Heavy,  expensive  pipe  wrenches  get  acci- 
dentally dropped  into  the  well  and  are  hardto  get_out._  Bfr  using  a 
sleeve  pipe  fastened  with  two  3/8"_boIts,  these  troubles  can  be  a- 
voided.    A  small  ten-cent  bicycle  wrench  orjthe  inexpensive  bolts 

will  not  obstruct  drilling  If  dropped  In.  Be  sure  the  1  l/kn  pipe 

will  fit  over  your  1?  pipe  drill  line  before  purchase.    See  Figure  2. 
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foot  sections  of __plpe  are  the  most  con-.  - 
vehlerit  lengths  for  drilling  a  5Q  foot  / 
well.    Drill  a  13/3?11  diameter  hole _ throiigh 
each _ end  of  all  sections  _ of  drill  line  i  / 
except  those  attaching  to  Joint  B  and  the  / 
turning  handle  whi^h  n^ 


joints . 
end. 


The  holes  should  be  2"  from  the 


/ 


When. the  well  is  deeper  than  25  feet 
.several  features  facilitate  the  empty- 
ing of  the  auger  as  shown  inTFigure  3 
and  4.    First  the  full  auger  is  pulled 
up  until  Joint  B  appears  at  the  surface,  . 
See  Figure  4a.    Thena  3/4"  diameter 
rod  is  put/ through  the  hole,    Ihis  allows 
the  wfioie  drill  line  to  rest  on  it  making 
it  impossible  for  the  part  still  in  the 
well  to  fall  in.    Next  remove  the  toggle 
bolt,  lift  out  the  top  section  of  line 
and  balance  it  beside  the  hole.  See 
Figure  4B.    Pull  up  the  auger,  empty  it, 
and  replace  the  section  in  the  hole  where 
it  will  be  held  by  the  3/4"  rod.  See 
Figure  4c.    Next  replace  the  upper  section 
of  drill  line .    The  3/8 "  bolt  acts  as  a 
stop  which  allows  the  holes  to  be  easily 
lined  up  for  reinsertion  of  the  toggle 
bolt.    Finally  withdraw  the  3/4 11  rod  and 
lower  the. auger  for  the  next  drilling.  _ 
Mark  the  location  for  drilling  the  13/32" 
diameter  hole  in  the  1  1/4"  pipe  through 
the  toggle  bolt  hole  in  the  1  1/2"  pipe. 
If  the  hole  is  located  with  the  1  1/41' 
pipe  resting  on  the  stop  bolt,  the  holes 
are  bound  to  line  up. 

Sometimes  a  special  tool  Is  needed  to 
penetrate  a  water-bearing  sand  layer, 
because  the  wet  sand  caves_ih  as  soon 
as  the  auger  is  removed .    If  this  happens 
a  perforated  casing  is  lowered  into  the 
well,  and  drilling  is  accomplished  with 
an  auger  that  fits  inside  the  casing.  A 
percussion  type  with  a  fiap^  or  a  rotary 
type  with  solid  walls  and  a  flap  are  good 
possibilities.    See  the  entries  describing 
these  devices .    She  casing  will  settle 
deeper  into  the  sand  as  sand  is  dug  from 
beneath  it.    Other  sections  of  casing  must 
be  added  as  drilling  proceeds •    Try  to 
penetrate  the  water  bearing  sand  layer  as 
far  as  possible  (at  least  10  feet) .  Ten 
feet  of  perforated  casing  embedded  in  such j 
a  sandy  layer  will  provide  a  very  good  flow 
of  water.  j 
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EVALUATION 

A  crew  of  five  men  can  dig  a  fifty  foot  well  in  two  days.  Many 
wells  have  been  dug  with  this  equipment  by  the  American  Friends 
Service  committee  Barpali  team  in  India. 

Material  Prom  -  "Explanatory  Notes  on  Tubewells" 

by  Wendell  Mott,  AFSC,  Rasulia 
Friends  Rural  Center. 
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TUBE  WELT,  SAND  BAILER 


ABSTRACT 

When  loose  wet  sand  is  en- 
countered when  boring  a  tube- 
well  and  the  walls  begin  to 
cave,  this  device  allows  dig- 
ging from  inside  the  perforated 
casing. 


TOOLS  AND  MATERIALS 

5"  diameter  steel  tube  3'  long 
5"  square  of  truck  innertube  or 

leather. 
Coupling  from  5"  to  1"  pipe 
small  tools 


"^"•u*■;*"■:.>,■v*<<";, 

is  V"V 


DETAILS 

repeatedly  Jamming  thi£ 
"bucket"  Into  the  well,  sand 
will  be  removed  from  in  front 
of  the  perforated  casing  allow- 
ing it  to  settle  deeper  into 
the  sand  layer.     The  casing  pre- 
vents the  walls  from  caving  in. 
The  first  section  of  casing  has 
the  bell  removed;  at  least  one 
other  section  rests  on  top  of 
it  to  help  force  it  down  as 
digging  proceeds.     Try  to  penetrate  the 
as  far  as  possible  (at  least.  10  feet )  . 
embedded  in  such  a  sandy  layer  will 


...     _  „  ClO*CT>  yfiii : 

•tit**    nmiAOvcp  ::?>;';.;•;.• 


water  bearing  sand  layer 
Ten  feet  of  perforated  casing 
a  very  good  flow  of  water. 


Be  sure  to  try  your  sand  "bucket"  In  wet  sand  before  attempting  to 
use  it  at  the  bottom  of  your  well . 


EVALUATION 


Used  by  the  American  Friends  Service  Committee  Barpali  Team  in 
making  many  tubeweiis  In  India; 


Material  From  -  "Explanatory  Notes_on  Tubeweiis" 

by  Wendell  Hottj  AFSC*  Rasulia 
Friends  Rural  Center. 
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INERTIA  HAND  PtJfff  FOR  IRRIQATION 


ABSTRACT 

This  efficient _ 
lift  pump  provides 
30  gpm( gallons 
per  minute)  at  4 
meters  to  75  gpm 
at  1  meter.  The 
pump  is  easily 
built  by  a  tin- 
smith, and  the 
three  moving  parts 
require  almost  no 
maintenance .  It 
has  be  en  bu  i It  in 
three  sizes  for 
different  water 
levels. 


TOOIS  AND  MATERIALS 


M«±i*T»tat  frvn  i  meter  lift  Pttmb 


Soldering  equipment 
Drill  and  bits  or 

punch 
Hammer 
Saws 

Tirisnips 

Anvil  -  (Railroad 
rail  or  iron  pipe) 


Galvanized  iron-  1  piece  61  cm  x  32  cm  (shield) 

1      11      21  cm  x  22  cm  ( shield  cover) 
1      11    l40  cm  x  #9  cm  ipLpe) 
1       11       15  cm  x  15  cm  ft Jp  of  pipe) 
1      11      49  cm*x  30  cm  ( "Y  pipe) 

terrel  metal-  1  piece  15  cm  x  54  cm  (bracket)  

1      11      12  cm  -  diaraeter( valve-bottom) 
1    _"      18  cm  -  diameter  ( valve -t op % 
Wire  -  1  piece  4  mm  -  diameter,  32  cm  iohg  (hinge 


DETAILS 

The  pump  is  made  from  galvanized  sheet  metal  of  the  heaviest  weight 
obtainable  which  can  be  easily  forked  by  a  tinsmith*    The  pipe_is 
formed  and  made  air  tight  by  soldering  all  Joints  and  seams.  The 
valve  is  made  from  the  metal  of  discarded  barrels  and  a  piece  of  truck 
inner  tube  rubber.     The  bracket  for  attaching  the  handle  is  also  made 
from  barrel  metal • 

There  are  two  points  to  be  remembered  concerning  this  pump,.  One 
is  that  the  distance  f rom  the  topof  the  pipe  to  the  top  of  the  hole 
where  the  short  section  of  pipe  is  cormected  must  be  20  cm.  The 
air  which  stays  in  the  pipe  dbove  this^  junction  serves  cs  an  air 
cushion  (to  prevent  "hammering")  and  regulates  the  number  of  strokes 
pumped  per  minute.    The  second  point  is  to  remember  to  operate  the 
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SAWS> CD  SMOOTH 


3XDC  VIEW 


The  handle  is  attached  to  the 
pump  and  post  with  3/8 11  bolts 
or  large  nails  of  similar  size. 


pump  with  short  strokes 
(15  tb_20  cm)  and  at  a 
rate  of  abbut__80  strokes 
per _ minute.    There  is  a 
definite  speed  at  which 
the  pump  works  best  and 
the  operator  will  soon 
get  the  "feel"  of  his 
particular  pump. 

In  building  the  two 
larger  size  pumps  it  is 
sometimes  necessary  to 
strengthen  the  pipe  to 
prevent  collapsing  which 
occurs  if  the  pipe  is 
allowed  to  hi t  the  side 
of  the  well.  Strengthen- 
ing  may  be  done  by  form- 
ing "ribs"  about  every 
30  cm  below  the  valve  or 
banding  with  bands  made 
from  barrel  metal  ahd_ 
attached  with  1/4"  bolts. 
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DIMENSION  OP  PARTS  ACCORDING  TO  PUMP  SIZE 




Part 

 .  _ 

Material 

8  cm  pipe 



10  cm  pipe 

15  err  '?ipe 

xianale  Bracket 

Barrel  Metal 



A 

34  cm 

40  cm 

J? 

24 

30 

44  °m 

C 

3* 

5 

U 

7 

10 

17 

oa 1 vanl zed  t In 

49 

Si 

Q 

14 

16 

20 

*x 

14 

16 

20 

H 

3 

2* 

I 

10 

T 

J 

ii 
4 

4 

4 

_  _K_ 

30 

3b 

32 

Shield. Cover 

Galvanized  tin 

- 

• 

L 

15  ' 

1? 

21 

M 

20 

20 

22 

N 

Barrel  Metal 

6 

8 

12 

b 

Inner  tube  rubber 

11 

13 

13 

p 

Barrel  Metal 

11 

13 

18 

Q 

Wire  mm) 

16 

18 

22 

Handle 

Wood  pole 

Post 

Wood  post 

EVALUATION 


Approximately  three  hundred  pumps  are  how  in  use  in  Afghanistan 
where  this  design_origina ted,.    The  hand  pump  described  here  has 
proven  to  be  a  very  efficient  pump  for  lifting  water  short  distances . 
Ttxe  following  table  shows  tiie  pumping  capacity  for  each  size  pump. 


Diameter  of  pipe 

Length  of  pipe 

Height  of  lift 

Gallons  per  minute 
at  6000 1  elevation 

8  cm 
10  cm 

 i3_  _  can 

450  cm 
270  cm 
140  cm 

2  to  4  meters 
1  to  2  meters 
1  meter 

30  gallons 
40  gallons 
75  gallons 

Material  From  -  Dale  Fritz,  The  Asia  Foundation. 
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HANDLE  MECHANISM  FOR  HAND  PUMPS 


LINK 


ABSTRACT 


BLOCK 


FIG  1 


This  durable  hand 
pump  handle  mechanism 
has  wooden  wearing  parts 
which  are  easily  replaced 

by  the  village  carpenters  It  

is  designed  to  replace  the  handle 
mechanism  of  your  pump. 

TOOLS  AND  MATERIAIS 


Saw 

Drill 

Bits 

1/2"  tap 
3/3"  tap 
Chisel 

Drawfenife,  spqkeshave,  or  lathe 

43"  x  2  1/2"  x  2  1/2"  Hardwood. 

16"  of  3/4"  diameter  mild  steel  rod 

2  pieces  10  1/2"  x  1  1/2"  x  1/4"  strap  iron 


BOLT  HARDWARE 

#  Bolts 
reqd. 

Dia. 

Inches 

length 
Inches 

#  nuts 
reqd. 

#  Lock- 
washers 

#  Plain 
washers 

Purpose  - 
fastens t 

1 

3/8 

1  1/2 

Q 

0 

0 

3"  bolt  to 
rod 

i 

3/8 

3 

0 

6 

2 

Rod  to  Handle 

1/2 

3  1/2 

2 

4 

4 

Link  to  Handle 
Link  to  Block 

2 

1/2 

? 

2 

2 

2 

Block  to  your 
pump 

1 

1/2 

1 

1 

0 

Rod  to  piston 

ERIC 


498  535 


DETAILS 


If  you  have  been  having  difficulty  with  maintenance  oh.  the  handle 
mechanism  of .  hand  pumps this  Sesigh  will  help,    The_raechahism  of. 
Figure  1  is  bolted  tc  the  top  flange  of  your  pump.    Trie  mounting  holes 
A  and  C  in  the  block  are  spaced  to  fit  your  pump.    Figure  2  shows  a 
pump  with  this  handle  mechanism  already  attached  which  is  being  manu- 
factured by  F.  Humain  and  Bros.,  28  Strand  Road,  Calcutta,  India.  The 
price  for  the  pump  is  about  Rs.  36±  f . p. Calcutta,  which_ is  roughly 
$7.50.     The  major  parts  of  the  handle  mechanism  are  described  in  the 
following  paragraphs. 


-  Make  the  handle  of  tough  hardwood,  shaped  oh  a  lathe  or 
by  hand  shaving .     The  slot  should  be  cut  wide  enough  to  accommodate 
the  rod  with  two  plain  washers  on  either  slue.    See  Figure  3- 


Stcrr 


Rod  -  Made  of  mild   '~  '/C+X'~?4y' , 

steel  es  shown  in  Figure  4.  F1Q3  '  ^as-p 

A  3/8 n  diameter  machine  bolt  HWBtE 
1  1/2I!  long  screws  into  the  end 
of  -the  rod  to  lock  the  rod  hinge 

pin  in  place .     The  rod  hinge  pin  consists  of  a  3/BM  diameter  machine 

bolt.     The  piston  can  be  bolted  directly 
to  the  end  of  the  rod  using  a  1/2"  bolt . 
If  the  pump  cylinder  is  too  far  down^  a 
threaded  1/2"  rod  should  be  used  instead  of 
a  bolt . 


fop  5fc*Bc*T. 


3fc>  \¥X£ 
fOC*  POT  HXtJGE  91H 


in  A.  BCD 


WILL  + 
F.OB 


T*P_  


Link  -  These  consist 
of  two  pieces  of  flat 
steel  strap  iron. 
Clamp  the  pieces  to- 
gether for  drilling  in 
order  to  make  the  hole 
spacing  equal.  See 
.Figure  5. 

Block  -  The  block 
forms  tfie  base  of  the 
lever  mechanism^  serves 
as  a  lubricated  guide 
hole  for  the  rod,  and 
provides  a  means  for 
fastening  the  mechanism 
to  the  pump  barrel.  If 
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the  block  Ib  accurately  made  of  seasoned  tough  hardwood  without 
knots,  the  mechanism  will  function  well  for  many  years i  _ Care- 
fully square  the  block  to  9U  x  2  1/2"  x  2  1/2",    Next  holes  A, 
B,        and  D  are  drilled  perpendicular  to  the  block  as_showri  In 
Figure  5;    The  spacing  of  the  mounting,  holea  A  arid  C.  from  hole 
B  is  determined  by  the  spacing  of  the  bolt,  holes  In  the  barrel 
flarijre  of  your  pump.    Next,  saw  the  .block  in  half _ in  a  plane. 
1  3/8 H  down  from  the  top  side.    .Enlarge  hole  B  at  the  top  of  the 
lower  sectidn_with  a  chisel  to  form  an  oil  well  around  the  rod. 
A  1/4"  hole,  P,  is  drilled  at  an  angle  from  the  oil  well  to  the 
surface  of  the  block,    A  second  oil  duct  hole  E  is  drilled  in 
the  upper  section  of  the  block  to  meet  hole  D.    Use  lockwaBhers 
under  the  head  end  nut  of  the  link  boltB  to  lock  the  boltB  and 
linkB  together.    UBe  plain  waBherB  between  the  links  and  the 
wooden  partB. 


n«6 

BLOCK 


EVALUATION 

_Dr.  Abbott  of  the  APSC  Barpali  project ^  Orissa^  indiax  has  had 
45  such  pumps  in  operation  for  more  than  three  years .    Repairs  have 
been  Bimple  and  infrequent. 


Material  Prom  -  Dr.  Edwin  Abbott,  M.D.  (APSe) 


A  Pump  Designed  for  Vlllage_Use  by  Dr.  Edwin  Abbott,  M.D.* 
available  througn  VITA,  120o  State  Street,  Schenectady  4,  New  York 
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SEALED  DUG  WELL 


ABSTRACT 


This  well  has  an  underground  con- 
crete tank  with  a  casing  pipe  instead 
of  brick  walls .  Advantages  are  pure, 
water,  ho  hazard  to  children >  ease  of 
construction,  small  area  required  and 
low  cost. 


TOOLS  AND  MATERIALS 

Four  reinforced  concrete  rings  with 

iron  hooks  for  lowering,,  31  diameter. 
One  reinforced  concrete  cover  with 

seating  hole  for  casing  pipe. 
Washed  gravel  to  surround  tank*  70 

cubic  feet . 
Sand  for  top  of  well;  24  cubic  feet 
Concrete  home  pipe,  6n  diameter  from 

top  of  tank  cover  to  at  least  1' 

above  ground^ 
Concrete  collars  -  as  many  as  Jbintc 

required  in  hume  pipe* 
Cement  -  10  pounds:  for  mortar  for 

hume  pipe  Joints 0 
Deep  well  pump  and  pipe 

Concrete  base  for  pump  

Tripod,  pulleys,  rope  for  lowering 
t  rings,  

Special  tool  for  positioning  casing 

when  refilling,  see  text • 
Digging  tools,  ladders >  rope. 


DETAILS 

A  village  well  must,  in  many  places, 
act  as  a  reservoir.    Ehis  is  because  at 
certain  hours  of  the  day  the  demand  is 
heavy,  whereas  during  the  night  and  the 
heat  of  the  day  there  is  no  call  on  the 
supply.    Thus  it  is  calculated  to  make 
the  well  large  enough  to  allow  the  water 
slowly  percolating  in  to  accumulate 
during  the  off  use  hours,  in  order  to 
have  an  adequate  supply  when  the  demand 
on  it  is  heavy.    For  this  reason  wells 
are  usually  made  six  or  seven  feet  in 
diameter^    Wells  cannot  store  rainy 
season  water  for  the  dry  oeaaonj  and 
there  is  seldom  sense  in  making  a  well 
larger  in  'diameter  than  seven  feet. 
The  depth  of  a  well  is  much  more _ impor- 
tant than  the  diameter  in  determining 
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the  amount  of  water  that  can  be  drawn  when  the_ water, level. is  low; 
A  deep,  narrow  well  will  often  provide  more  water  than  a  wide  shallow 
one;    Remember  that _tubewells_ are  much  easier  to  construct  than  a 
dug  welli  and  should  be  used  if  your  region  allows  their ^construction 
and  ah  adequate  amount  of  water  can  be  drawn  from  a  tubewell  during 
the  busy  hours. 

The  masonry  lining  of  a  deep  dug  well  is  very  expensive.    An  open 
well,  having  organic  matter  falling  into  it  from  the  surface  an  d  a 
continuous  source  of  possible  contamination  from  the  various  buckets 
lowered  into  it  is  very  often  contaminated.    The  tremendous  quantity 
of  soil  removed  from  a  deep  well  of  reasonable  diameter  must  be  dis- 
posed of  somewhere . 

A  villager  iri  Earpali,  India,  working  with  the  AFS6  unit  there 

suggested  this  radical  new  ideai  to  make  a  masonry  tank  at  the  bottom 

of  the  well,  roof  it  over,  and  draw  the  water  from  it  with  a  pump. 
Hie  resulting  sealed  well  has  many  advantages: 

Provides  pure  water,  safe  for  drinking •_ 
Presents  no  hazard  of  children  falling  in, 
Drawing  water  is  easy^eveh  for  small  children. 
The  well  occupies  little  space,  a  small  courtyard  can  accommo- 
date it . 

The  cost  of  installation  Is  greatly  reduced. 
The  labor  involved  is  much  reduced. 

There  is  no  problem  of  getting  rid  of  excavated  soil,  since 
most  of  it  is  replaced.   

The  casing  enables  the  pump  and  pipe  to  be  easily  removed 
for  servicing. 

The  gravel  and  sand  surrounding  the  tank  provide  an  efficient 
filter  to  prevent  silting,  allows  a  large  surface  aj*ea for  per- 
colating water  to  fill  the  tank,  and  increases  the  effective 
stored  volume  in  the  tank. 

Oh  the  other  hand,  there  are  two  minordisadvahtages — only  one 
person  can  pump  at  one  timeA_and  the  pump  might  go  out  of  order* 
In  addition,  there  is_a  certain  amount  of  technical  skill  required 
to  make  the  parts  used  in  the  well  and  to  install  them  properly. 

A  well  is  dug  four  feet  in  diameter  and  about  thirty  feet  deep. 
The  digging  should  be  dbheiri  the  dry  season*  after  the  water  table 
has  dropped  to  its  lowest  level..   There  should  be  a  full  10  feet  re- 
accumulation  of  water  within  24  hours  after  the  well  has  been  bailed 
or  pumped  dry*    Greater  depth  is,  of  course,  desirable. 

Six  inches  of  clean,  washed  gravel  or  small  rock  is  spread  over 
the  bottom  of  the  well;  the  four  rings  and  cover  are  lowered  into 
the  well  and  positioned  there.    Lowering  of  the  rings  to  form  the  _ 
tank  requires  setting  up  a  tripod  of  strong  poles  and  block  and  tackle 
since  the  rings  weigh  about  400  pounds  each.    T5ie  rings  and  cover 

form  a  tank  six  feet  high  and  three  feet  in  diameter  with  a  round  

opening  in  the  top  which  forms  a  seat  for  the  casing  pipe  and  allows 
the  suction  pipe  to  penetrate  to  about  six  inches  from  the  gravel 
bottom* 


1. 
2. 
3. 
4. 

5. 
6. 

7. 
8. 

9. 
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The  first  section  of  concrete  hume  pipe  is  positioned  in  the  seat 
and  grouted  i^place.   It  is  braced  vertical  by  a  wooden  plug  with 
four  hinged  arms  to  brace  against  the  sides  of  the  walls    More  gravel_ 
is  packed  around  the  concrete  rings  and  over  the  top  of  the  cover  till 
the  gravel  layer  above  the  tank  is  at  least  six  inches  deep,  _This  is 
then  covered  with  two  feet  of  sand*    Soil  removed  from  the  well  is 
then  shoveled  back  until  filled  within  six  inches  of  the  top  of  the 
first  section  of  casing*    The  next  section  of  casing  is  then  grouted 
in  placed,  using  a  concrete  collar  made  f orv this  purpose.    The  well 
is  filled  and  more  sections  of  casing  added  until  the  casing  extends 
at  least  one  foot  above  the  surrounding  soil  level. 

Die  amount  of  soil  which  will  not  pack  back  into  the  well  can 
make  a  shallow  hill  around  the  casing  to  encourage  spilled  water  to 
drain  away  from  the  pump •    A  concrete  cover  is  placed  oh  the  casing 
and  a  pump  installed. 

If  concrete  or  other  casing  pipe  cannot  be  obtained,  a  chimney 
made  of  burned  bricks  and  sand-cement  mortar  will  suffice  .  The 
pipe  is  somewhat  more  expensive,  but  much  easier  to  install. 

In  Indian  the  concrete  ririgs_  are  being  made  for  about  Rs,  10  each, 
the  cover  for  15,  the  pump  platform  for  10,  and  the  casing  at  Rs.  2 
per  foot.    IIiub  for  a  25_foot  well,  the  materials  cost  Rs.  115.  The 
pump,  pipe,  cylinder^ ,  fittings  etc^  to  complete  the  well  cost  about 
an  equal  amount.    Thus  the  whole  installation,  without  figuring  the 

labor,  costs  Rs.  230,  or  about  $50 .00 .    In  India,  the  AFSC  group  *£e*  - 

charging  Rs.  4b  for    installation  of  such  a  well,  which  would  cover 
labor.    The  Service  Committee  actually  uses  this  money  to  buy  a  set 
of  tools  which  are  given  to  the  villager  after  he  has  received  train- 
ing in  well  and  pump  maintenance • 


EVALUATION 

Over  45  wells  of  this  type  have  been  installed  in  India  by^ the 
APSC  team  there,  and  all  have  performed  perfectly  for  several  years 
except  one  that  was  hot  dug  deep  enough. 


Material  Prom  -  "A  Safe  Economical  Well,"  APSC, 

B?,rpali  Village  Service 
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B0IL2R  FOR  POTABLE  WATER 


To  provide  safe  storage 
and  preparation  of  drink- 
ing water  in  areas  where 
pure  Water  is  hot  available 
and  boiling  is  practical. 


TOOLS  AND  MATERIALS 

1  -  55  Gallon  drum 
1  -  3/4"  Pipe  Nipple 

2"  long.  Quantity 

of  bricks  for  '    5  1 

layers  of  bricks  to 

support _drum. 
1  -  Bag  of  cement  plus 

sand  for  mortar  and 

base  of  fireplace. 
1  -  large  funnel  and 

filter  medium  for  fil- 
ling. 

1  -  Metal  plate  to  con- 
trol draft  in  front  of  firebox  •  _    

1  .  3/4M  Valve,  preferably  all  metal  such  as  a  gate  valve  to  withstand 
heat . 


DETAILS 

This  drum  for  boiling  of  drinking  water  is  intended  for  Use  in  your 
residence  to  provide  a  convenient  method  for  preparation  and  storage  ^ 
of  sterile  water.    The  fireplace  is  simple,  oriented  so  that  the  pre-, 
vailing  wind  or  draft  goes  from  front  to  back  of  thedrum  between  the 
bricks.    A  chimney  can  be  provided  but  is  not  necessary. 

EVALUATION  "   

The  unit  has  been  tested  in  many  Friend's  workcamps  in  Mexico 
and  elsewhere .    A  55  gallon  drum  would  normally  last  a  20  person 
camp  group  for  an  entire  week,  arid  certainly  would  provide  ade- 
quate safe  water  supply  for  two  or  three  individuals  for  a  much 
longer  time.    Water  must  boil  at  least  15  minutes  with  steam  es- 
caping around  the  completely  loosened  filler  plug.    Be  sure  that 
the  water  in  the  pipe  nipple  and  valve  reach  boiling  temperatures 
by  purging  about  two  liters  of  water  out  through  the _ valve  while 
the  drum  is  a't  a  full  boil. 


Material  Prom  -  Chris  Ahrehs*  CARE -PEACE  CORPS 
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Thu£,  depending  on  your  water,  different  amounts  of  chlorine  are 
neede&vfor  adequate  protections    Measuring  the  amount  of  free  chlo- 
rine after  the  30  minute  holding  pieriod.is  the  best  way.  to  control 
the  process.     A  simple  chemical  test,  using  a  special organic  indi- 
cator forthotoiidihe)  can  be  used.    When  this  is  not  available,  the 
chart  (Figure  l)  can  be  used  as  a  rough  guide. 


Water  Condition 

Initial  Chlorine  Dose  in  Parts  Per  Million(ppm) 

No  hard-to-klll 
■  organisms  suspected. 

Hard-to-kill  organisms 
present  or  suspected. 

Very  Clear,  few 
minerals . 

5  ppm 

Get  expert  advice;  in 
an  emergency  boil  and 
cool  water  first,  then 
use  5  ppm  to  help  pre- 
vent re contamination . 
If  boiling  is  impos-  . 
sible,  use  10  ppnu ... 

A  coin  in  the  bottom 
of  an  8  oz.  glass  of 
the  water  looks  haz^ 

10  ppm 

Get  expert  advice;  in 
an  emergency  boil  and 
cool  first .    If  boil- 
ing is  impossible  use 
15  ppm. 

FIGURE  1 


In  *he  chart,  parts  per  million  or  "ppm"  means  the  ratio  of: 

Weight  6f  active  material  (chlorine) 
Weight  of  water 

Inwater  supply  terminology,  ppm  means  exactly  the  same  thing  as 
milligrams  per  liter  or  Mmg/1  1 . 

The  second  chart.  Figure  2/  gives  the  amount  of  chemical  to  add  to 
1000  gallons  of  water  to  get  a  solution  of  1  ppm.    Multiply  the  amount 
of  chemical  shown  in  Figure  2  by  the  number  of  ppm  recommended  in 
Figure . 1  to  get  the  amount  of  chemical  you  should  add  to  1000  gallons 
of  water.    Usually  it  is  convenient  to  make  up  a  solution  of  500  ppm 
strength  which  can  then  be  further. diluted  to  give  the  chlorine  concen- 
tration needed..  The  500  ppm  solution  must  be  stored  in  a  sealed  con- 
tainer in  a  cool  dark  place,  and  should  be  used  as  quickly  as  possible 
sine  -:  it  does    lose    strength.    Modern  chlorination  plants  use  bottled 
chlorine  gas,  but  this  can  only  be  used  with  expensive  machinery  by 
trained  experts . 
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CHLORINATION  FOR  POLHJTED  WATER 


ABSTRACT 

Chlorinatiqn,  when  properly  .applied;  Is  a  simple  way  to  insure 
and  protect  the  purity  of  water^    These  guidelines  include  tables 
to  give  a  rough  Indication  of  the  amounts  of  chlorine  bearing  che- 
micals heeded. 


TOOLS  AND  MATERIALS 

Chlorine  in  some -form 
Container  to  mix  chlorine 


DETAILS 

The  surest  way  to  treat  water  for  drinking  is  to  boil  it--^c:e 
"Boiler  for  Potable  Water. 11    However,  under  controlled  con  At  Ions 
chlorination  is  a  safe  method,  and  often  more  convenient  SlUC  rrac- 
tlcal  than  boiling.     Water  properly  treated, has  reslc        free  chlo- 
rine which  resists  re contamination .    The  chlorine  in  ^.ter  is  not 
harmful,  since  water  with  a  harmful  amount  of  chloric:  xn  it  is  ex- 
tremely distasteful.     Proper  treatment  of  water  with  chlorine  re- 
quires some  knowledge  of  the  process  and  its  effects. 

When  chlorine  is  added  to  water,  it  attacks  and  combines  with  any  

suspended  organic  matter  as  pll  as  some  minerals  such  as  iron..  There 
is  always  a  certain  amount  of  dead" organic  matter  in  water,  and  al- 
most always  live  bacteria,  virus,  and  perhaps  other  types  of  life. 
Enough  chlorine  must  be  added'  to  oxidize  ail  of  the  organic  matter* 
dead  or  alive,  and  to  leave  some  excess  uncombined  or    free"  chlorine. 

Some  organisms  .are  more  resistant  to  chlorine  than  others .  Two 
particularly  resistant  varieties  are  amebic  cysts  (which  cause 
amebic  dysentarv)  and  the  cercariae  of  schistosomes  (v/hich  cause 
schistosomiasis).    These,  among  others,  require  much  higher  levels 
of  residual_free  chlorine  and  longer  contact  periods  than  U3ual  to 
be  safe.     Often  special  techniques  are  used  to  combat  these  and 
other  specific  diseases.     It  alWays  takes  time fbr  chlorine  to  work. 
Be  sure  that  water  Is  thoroughly  mixed  with  ah  adequate  dose  of  the 
dissolved  chemical,  and  that  It  stands  for  at  least  30  minutes  before 
consumption . 

V  _  ______ 

Since  both  combined  and  uncombined  chlorine  has  an  unpalatable  taste, 
It  Is  best  (and  safest)  to  choose  the  clearest  water  available.  A 
settling  tank,  and  simple. filtration  can  help  reduce  the  amount  of 
suspended  matter,  especially  particles  large  enough  to  see.  Filtra- 
tion thiat  can  be  depended  upon  to  remove  all  of  the  amebic  cysts, 
schistosomes,  and  other  pathogens  normally  requires  professionals 
set  up  and  operate.    NEVER  depend  on  home-made  filters  alone  to  pro- 
vide potable  water.    However,  a  home-made  slow  sand  filter  is  ah 
excellent  way  to  prepare  water  for  chlorination i 


Compound 

\ 

Dy  welgnu . OI 

active  material 

Quantity  to  add  to 
100  gallons  of  water 
to  get  a  1  ppm  solution 

Hljgh  Test  [Calcium  hy- 
pochlorite) Ca(OCl)2 

1/5  ounce 

Chlorinated  lime 

1/2  ounce 

Sodium  hypochlorite 
NaOCl 

1-  ounce 

Sodium  hypochlorite 

10# 

1.3  ounces 

Bleach  -  a  solution  of 
chlorine  in  water 

- 

usually 
5.25* 

2.6  oUhces  I 

I  1 

FIGURE  2 
HAND  WASHING  MACHINE 

ABSTRACT 

This  hand  washer  Is  simple  to  construct  and  simplifies  washing 
considerably. 


TOOLS  AND  MATERIALS 

Tinsnips 

Pliers 

Hammer 

Soldering  equipment 

Galvanized  iron  sheeting:     i2*©  cm  x  70  cm  for  tub 

100  cm  x  50  cm  for  lid 
and  bottom 
36  cm  x  18  cm  for  agi- 
tator  

Wooden  handle  -  4  cm  diameter,  1MO  long 
DETAILS  , 

The  tub,  lid  and  agitator  are  made  of  the  heaviest 
galvanized  tin  available  which  can  be  worked  by  a 
tinsmith^ 

To  operate  the  washing  machine  the  agitator  is 
worked  up  and  down  with  a  quick  motion  but  with  a 
slight  pause  between  strokes.    The  movement  of  the 
water  caused  by  the  agitator  will_continue  for  a  few 
seconds  before  additional  agitation  is  needed^    On  the 
upward  stroke  the  agitator  should  come  completely  out 
of  the  watery    The_agitator  should  not  hit  the  bottom 
of _ the  tub  on  the  downward  stroke  as  this  would  drjhage 
both  the  tub  and  the  clothes i 
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SILK  SCREEN  PR5ENTBI6 


ABSTRACT 

Slip,  screen  printing  is  a  simple  and  inexpensive  method  for  pro- 
ducing multiple  copies  of  visual  aids,  posters,  etc.    A  squeegee  is 
used  to  force  very  thick  paint  .through  the  parts^of  the  silk  screen 
exposed  by  the  stencil  tc  the  paper  placed  underneath. 


TOOLS  AND  MATERIALS 

Hinges  (about  1"  x  3") 
Wing  02?  regular  nuts 
Squeegee 
Trigger  support 
Frame 

Baseboard  or  smooth  table  top 

Silk  or  other  sheer  cloth 

Thumbtacks 

Silk  screen  paint 

Paper  for  copies 


,  ******* 


vrt.^  MOT 


wH««ro%ii  ft*  wan* 
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DETAILS 


1.  Study  the  drawings,  than  construct  a  frame  as  Illustrated-  using 
approximately  (1.9  x  5  cms.)(3A"  x  2")  plywood  or  other  wood.  The 
exact  size  of  the  frame  is  determined  by  the  size  of  the  largest 
prints  to  be  made .    Average  inside  frame  dimensions  might  be  t3o;l 
cm.  x  50.8  em.) (18 11  x  2%").    Make  sure  the  corners  are  square  and  that 
the  frame  lies  flat  against  a  flat  baseboard  or  table  top,  which  can 
also  be  made  of  1.9  cm  (3/4")  plywood. 

2.  Stretch  the  silk  very  tightly  over  the  underside  of  the  frame 
using  tacks  or  thumb  tacks  every  i"  or  2  cm.     Tack  either  in  the 
center  of  the  underside  of  the  frame  or  pull  the  silk  over  the  out- 
s!.de  bottom  edges  and  tack  around  ^he  outside.     Make  sure  that  the 
threads  of  the  fabric  are  lined  up  With  the  frame  edges.    A  few 
coats  of  shellac  over  wooden  frame  will  make  it  more  durable  and 
less  apt  to  warp. 

3.  Cut  stencil  and  adhere  to  screen  according  to  instructions . 

4.  Place  the  paper  cardboard,  etc,   to  be  printed  under  the  screen 
and  stencil;  draw  a  couple  of  spoonfulls  of  finger  paint  or  other 
water-soluble  paint  in  a  line  across  the  edge  of  the  silk  just 
inside  brio  end  of  the  frame. 

(Oil  soluble  paints  work  well,  but  require  a  solvent  cleanup;  also, 
the  viscosity  of  the  paint  should  be  like  auto  transmission  grease, 
not  uhin  enough  to  fall  through  the  screen  of  Us  own  accord.) 

5.  Pull  the  paint  across  the  silk  surface  u^ing  an_  edge  of  the 
squeogee  blade.     This      j^ezes  the  paint  through  all  the  open  areas 
of  the  paper  stencil.     Lift  screen.     Remove  prir-?;  and  replace  with 
next  piece  to  be  printed.     Full  paint  back  the  o;vier_way  for  the 
\iext  print,     TfcU  desire^  technique  Is  to  plac^  £_ri  amount  of  paint  on 
the  screen  which,  together  with  Vne _ right  blad^  pressure,  will  pro- 
diiee  ah  acceptable  print  with  one  stroke  oj   tlie  squeegee. 

Hake  certain  that  dried  paint  particles  do  not  get  in  the  paint  as 
they  could  damage  the  screen. 

6.  If  more  than  one  color  is  to  b<*  printed,  registration  becomes  an 
important  feature  and  can  be  achieved  by  the  following  method : 

(a)  Print  the  first  color  using  registration  guides.     Regio oration 
guides  can  be  mad"*  of  thin  cardboard  or  severaT  layers  of  tape. 
(Thicker  guides  o,  h  cause  Jilk  t:o  break  ■  hen  squeegee  blade  pres- 
ses the  silk  against  the  guides.) 

(b)  A  piece  of  wax  or  thin  translucent  paper  J  s  taped  on  one  edge  to 
the  baseboard  beneath  the  second  screen  to  be  printed. 

(c)  Print  a  t: -ial  image  of  the  second  screen  or  to  this  paper. 

(d)  Raise  the  screen. 
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(e)  Slide  the  sample  of . the.  first _ printing  Into. position,  beneath  the 
taped. wax. paper, until  the  desired  registration  with  the  first 
printing  is  achieved. 

(f)  Once  registered  carefully  hold  the  first  printing  sample  In  posl-- 
tion,  and  remove  the  wax  paper. 

(g  J     Tape  new  registration  guides  oh  three  sides  of  the  first  printing 
sample . 

(h)     Now  proceed  tc  print  the  second  color.     Subsequent  colors  are 
printed  by  returning  to  Step  (b) > 

7.  Several  colors  can  be  printed  over  one  another 
if  transparent  paints  are  used .     The  size  of 

the  printed  area  can  be  restricted  by 
paper  masks . 

8.  Pull  off  stencil.  Clean  wet  pain 
of  silk  and  frame  by  unscrewing  wing  b 
taking  the  frame  to  a  convenient  wash  a 
and  holding  under  running  water* 


9.       Optional:     A  drying  rack  pictured 
■*  : re  Is  helpful  when  many  prints  are 
go  be  dried. 


BAMBOO  OR  REED  WRITING  PENS 
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EVAPORATIVE  FOOD  COOLER 


VfeTtR 


ABSTRACT 


In  warm,  dry  climates  an  evaporative  food 
cooler  will  extend  the  period  for  keeping 
food  frr-sh  and  allow  saving  leftovers.  It 
also  helps  to   keep  crawling  and  flying  in- 
sects away  from  food. 


TOOLS  AND  MATERIALS 
Saw 

Hammer 
Nails,  tacks 

Burlap  or  other  cloth  2  m.  x  2^m. 
Wood  for  frame  3  cm  x  3  cm  x  13  m. 
Pan  10  cm  deep,  24  x  30  em  for  top. 
Screen,  hardware  cloth  or  galvanized  iron 

2  m.  x  2  m.  (non-rusting) 
2  pair  hinges 

Pan  larger  than  30  cm  x  36  cm  for  legs  to 

stand  in 
Paint  for  wooden  parts 


DETAILS 

Make  the  wooden  frame  to  fit  the  upper  pan.     This  mxght  be  the 
bottom  of  a  discarded  5  gallon  oil  can      Screen  and  bracing  sticks 
on  the  inside  top  of  the  frame  prevent  the  pan  from  falling  into 
the  refrigerator.     Hinge  the  door  carefully  so  it  swings  easily, 
and  Ske        Si    w.oden  or  thong  latch.     Paint  cr  oil  all  the  wooden 
SSri ^    Shelves  and  frame  are  covered  with  screening  or  hardware 
?lbih#«M  tacked  in  place.     Cutting  this  screen  diagonally  uses  a 
bit  more  material,  but  will  strengthen  the  frame  considerably.  Make 
the  shelves  adjustable  oy  providing  several  she.1f  supports. 

Two  covers  of  canton  flannel,   jute  burlap  (not  sisal  or  henequin 
burlap)  or  heavy  grade  absorbent  coarse  cloth  are  made  to  fL  th 
frame;     Wash  and  sun  one  cover  while  using  the  uther.     B.ttpn  or  lace 
the  cover  to  the  frame,  with  the  smooth  side  out .     On  tne  front, 
fasten  Ihe  covSr  to  the  door  instead  of  the  fr^e.    All^  a  w^de  hem 
•to  ove-Lip  the  door  closing.     The  bottom  of  the  cover  should  extend 
down  into  th"  lower  pan.     Strips  20  em  wide  should  be  sewed  to  tne 
?op  of  the  cover.     Thsae  form  wicks  that  dip  over  into  the  upper  pan. 
Keep  both  the  upper  and  lower  pans  filled  with  water. 


EVALUATION 


and  the  cll- 


If  the  cooler  is  kept  in  a  breezy  spot  in  the  shade,  . 
mate  is  dry,  it  will  cool  fod  considerably .    The  cover  keeps  flying 
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insects  out,  while  the  lower  pan  discourages  roaches  and  other 
crawling  types.     To  be  safe,  the  cooler  must  be  kept  clean; 
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CHARCOAL  OVEN 


ABSTRACT 


ERIC 


This  simple  cftarcoal -fired 
oven  is  made  from  two  discar- 
ded 5  gallon  oil. tin  cans . _ 
With  practice,  all  types  of 
baking  ceri  be  expertly  done. 


TOOLS  AND  MATERIALS  . 

Nail  for  scriber  and  punch 
Tlnsnips 

Heavy  knife  to  start  cuts 

Hammer 

Screwdriver 

Pliers 

Metal  bar  20  cm  long  with 
square  corner  for  bend- 
ing 

Two  5  gallon  oil  cans 
Tin  cans  to  provide  shelf 

material. 
Light  rod  50  cm  long,  5  to 
_  7  mm  diameter 
Two  pairs  of  light  hinges 
12  machine  bolts ,  nuts, 

lockwashers ,   size  8-32 

or  soft  rivets 
Bricks  for  base 
Sand 


r-TURN  0  C     CM  EDGE  OVER 


STRIP  TO  HOLD 
COALS  ON  TOP 


SPECIE  FOR 
CHARCOAL  FIRE 


DETAILS 


NOTE 


OTHER 
OF  Tti 


Cut  the  material  fromthe  side  of 
the  oven  with  care  so  as  to  preserve 
the  material  removed  for  making  the 
door.     Don't  cut  out  the  corner  with 
a  vertical  seam;  it  is  to  hard  to  do, 
weakens  the  oven;  and  the  revoved  ma- 
terial is  hard  to  make  into  the  doors  * 
Fold, the  ed^es  of  the  door  and  door 
opening  back  (1  cm  wide)  and  hammer 
flat  to  remove  sharp  edges.    The  latch 
can  be  made  uf  three  thicknes 3e«3  of 
metal  scraps  left  ov^.     Clean  the 

oven  thoroughly  and  heat 

  at  least  once  before 

^PrrJ^^J         baking  to  burn  out  any 
JiNb  /UfctlMtK     .    residu?l  oil.     The  strip 

around  the  top  forms  a 
rim  to  contain  burning  ccals> 
CAN  it  CUT  REVERSE     to  make  the  oven  hotter,  or  to  brown 
€  ABOVE  CRN.  the  surface  of  baked  p^ods. 
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EVALUATION 


This  oven  is  being  used  successfully 
in_ a  number  of  countries*.  Baking  and 
roasting  are  quite  effectively  done 
with  this  simple  and  inexpensive  appli- 
ance.   Any  recipes  which  involve  these 
processes  may  be  used. 


7 


o 
N 


21  CM 


mrzHim  used 


FOR  DOOR 


I 


CORNER  : 
FLATTENED 


MATERIAL  CUT 
FTROM  CAN 


BOLT  TO  REAR 
OF  OVEN 


ROD  EXTENDS  THROUGH 
SIDE  OF  CAN  TO  SUPPORT 
SHELF 


SHELF 


/  CM  EDGE 
TURNED  UHBBt 


DOOR 


Material  From  -  V.  C.  Pettit ,  I. C. A, -AID 
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FIRELESS  COCKER 


ABSTRACT 


In  some  places  where  fuel  is 
scarce    this  easy-to-build  fire- 
less  cooker  can  be  a  real  contri- 
bution to  better  cooking,  *  It  works 
by  heat  retention  through  insulation -9 


TOOLS  AND  MATERIALS 

Outside  container  with  lid  - 
(15"  to  24"  ih~diameter) 

Inside  container  or  well  - 

at. least  6"  smaller  in  diameter 
and  6n  shorter  than  ou  ;side  con- 
tainer 

Cooking  pot  with  lid 

1.1/2  yards  cloth  for  cushion 

50  sheets  newspaper  or  other  inim- 
latipn. 

Cardboard 

6  cups  sand 

4  cups  cement- 

1/2  yard  oilcloth  for  collar  (optional 


DETAIK3 

The  principle  of  the  fire- less  cocker 
is  to  keep  food  cooking  with  the  small 
amount  of  heat  stored  in  hot  stones  by 
preventing  heat  loss  with  a  thick  layer 
of  insulating  material  arouhct  the  pot  * 

The  outside  container  can  be  a  wooden  bucket^  kerosene _*&hj  gar- 
bage can i  packing  crate  or  even  a  hole  in  dry  ground.    The  inside 
'container  or  well  can  be  a  pail  or  can  with  a  lid.    It  rust  allow 
for  the  three  inches  of  insulation  between  it  and  tfik-  Outside  con- 
tainer arid  should  bold  the  stone  and  cooking  pot  without  much  vacant 
space  •. 

Insulation  can  be  made  of  shredded  newspapers!  wooli  ^ottonj  iaw-__. 
dust,  straw,  rockwooi,  fiberglass  or  other  material,  ifro  insulation 
should  be  at  least  throe  inches  thick  on  all  sides,  top  and  bottom. 

Be  sure  that  it  is  vary  dry.    The  bottom  layer  of  insulation  must  

be  strong  enough  to  support  the  weight  of  the  well,  stone,  und  cooking 
pot.    A  natural  stone  carved  to  shape  ^  a  piece  of  concrete  may 
used  for  the  heating  stone.    The  cushion, is  a  three-inch-thick  cloth 
sack  filled  with  shredded  newspapers  or  other  insulation  and  shoulc' 
fit  snugly  in  the  outside  container ;__The  cooking  pot  must  have  a  tight 
lid,  ?  id  fit  nicely  into  „the  well  with  the  stone  in  place .    Be  sure 
Lt  can  be  easily  removed  when  full  of  hot  food. 


516 

554 


OtttiiOK.  VXD 


cushion  ir  Twicx 


^-7>¥mvju  win* 


axtxurra  co^.w 


3*  THIOC 


^4*  www  *e^s 


Direction  for  building  - 

Wash  kp<\  dry  the  containers  and  lids, 

Cv     ^    tf^de  strips  of  newspaper  several  layers  thick.  Roll  each 
incr  ■■;  cylinder  with  a  center  hole    o  greater  in  diameter  than  a 
>  ^i]  .     Pack  these  on  end  into  the  bottom  of  the  outside  container, 
Tiiey  will  support  the  well,  stone,  and  cooking  pot; 

Put  the  well  in  place  and  pack  the  insulation  around  it  to  within 
1/2"  of  the  topi 

Make  a  cardboard  collar  covered  with  oilcloth.    Though  this  is 
hot  necessary,  it  improves  appearance  and  cleanliness. 


Place  about  an  inch  of  clean  sand  in  the  bottom  of  the  well .  This 
will  prevent  the  hot  stone  from  scorching  the  paper  rolls  and  possibly 
causing  a  fire.    The  stone  should  never  be  heated  not  enough  to  scorch 
paper. 

To  make  a  concrete  heating  stone,  place  a  2V  wide  cardboard  band 
or  collar  on  heavy  paper  or  board  to  form  a  circle  the  size  of  che 
stone  desired.  _Mix_4  cups  each  of  cement  and  sand .washed  free  of 
silt,  then  add  1  1/2  cups  ot  water  or  Until  a  stiff  mush  is  formed. 
Fill  the  collar,  casting  in  a  wire  handle  for  lifting  the  hot  *  jone. 
Let  the  stone  stand  for  48  hours ^  then  remove  the  collar,  p?.acr*  It  in 
cold  water  and  boil  for  30  minutes.    Cool  it  slowly. 

Use  of  the  Cooker  - 

It  is  important  to  kesp  the  cooking  pot  and  we"*1  carefully  washed 
and  open,  in  sunshine*-  if  possible,  when  not  4i  use.    The  cooker's 
lid diould  be  left  partly  ;>^r>  and  the  stone  kept  clean  and  dry. 

It  is  not  necessary  :c  u^cj  :,tuch  water  *han  cooking  in  a  fireless 

cooker  for  there  is  11M  :ex>HB  by  evaporation.    Most  foods  should  

be  fought  to  a  boil  ?nc._ cooked  for  ^  to  5  minutes  on_a  stove.  Theni 
the  covered  cooking  pot  is  set  on  the  hot  stone  in  the  cooker  and 
the  lid, ic  placed  on  the  w^Ii.    Cereal  may  be  left  xn  the  cooker  ail 
night.    Bice  and  cracked  or  whole-  wheat  are  especially  good .  Beans 
should  oe  soaked  over*  night,  boiled  for  5  minutes  and  then  placed  in 
the  cooker  for  4  to  5  hours.    Dried  fruit  should  be  washed,  soaked 
for  an  hour  in  2  parts  water  to  1  part  fruit,  boiled  for  5  minutes, 
then  placed  in  the  cooker  for  h  hour** 


EVALUATION 

Fireless  cookers  have  bean  used  and  found  very  successful  in  many 
countries. 


Material  From  -  "Home  Making  Arouna  the  World" 

A.I.D.  publication,  / 
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SOLAR  WATER  HEATER 


TOOLS  AND  MATERIALS 

2  pieces  galvanized  sheet 
2  pieces  galvanized  sheet 

for  connectors.  

2  pieces  rubber  hose,  i*1 
56  metal  washers  for  1/4 
56  rubber  washers  cut  from 

diameter  should  be  1/8 
28  stove  bolts,  galvanized 
1  galvanized  sheet  metal 
removable  lid,  1"  hose 
Tinsmith's  tools:  hammers 
Drill  and  1/4"  bit. 
Screw  driver  and  wrench. to 
Quantity  of  mud  bricks . 


metaA,  3'  by  6»  for  heater. 

metal  pip**,  6"  long  by  1    in  diameter 

long  by  1"  in  diameter. 

bolts.    ■    -  - 

eavy  truck  inner  tube  i    Inside  hole 
outside  diameter  same  aB  metal  washers, 
1/4"  long.  „ 
ank,  18  gallon  capacity  with  faucet, 
ormectbrs  hear  the  top  and  bottom. 
,  anvils  ^  s bide ring  equipment,  etc. 

fit  l/4"  bolts  or  a  pair  of  pliers* 


DETAILS 

The  heater  is  made  by  placing  the  two  sheets  of  galvanized  sheet 
metal  ?o^ ther  iST the  form  of  an  envelope .    The  edges  of  the  sheets 
are  double  folded  and  soldered  to  make  an  air  tight  seal.  LSee 
SeTail  below.)    To  prevent  the  sheets  from  being  forced  apart  when 
tK  heateHs  filled  with  water,  it  is  necessary  to  reinforce  it 
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with  1/4"  bolts  placed  at_ regular  intervals j  like  buttons  in  a 
mattress.     Tu  make  the  bolts  water-tight  they  must  have  rubber  and 
metal  washers  on  both  sides.     (See  detail  on  page  153 •) 

Inlet  and  outlet  connections*  are  provided  in  the  upper  and  lower 
right  hand  corners  of  the  heater  fjr  connection  to  the  tank.  The 
front  of  the  heater  Is  painted  -blac     ♦  l  absorb  the  sunlight  rather 
than  reflect  it.    A  flat  black  painc  Is  better  than  an  enamel. 

The  t$nk  dofcs  not  have  to  be  of  any  definite  shape  but  should  held 
approximately  18  gallons  of  water.     The  hot  water  will  rise  to  the 
top  and,  with  the  removable  lid,  it  is  possible  to  dip  out  the  hot- 
test water  when  only  a  small  quantity  is  needed.     When  all  of  the 
water  is  to  be  used  it  may  be  drained  out  of  the  faucet .     The  water 
level  must  be  maintained  above  the  upper  hose  connection. 

When  the  solar  water  heater  is  set  up,  the  heater  should  be  facing 
southeast  to  take  advantage  of  the  morning  sun.     The  back  of  the 
heater  should  be  raised  about  l8n  so  the  sunlight  will  strike  it  as 
directly  as  possible .     A  simple  way  to  raise  the  heater  is  to  build 
up  the  back  and  sloping  sides  with  mud  bricks.     Use  three  small 
boards  (2,f  by  4")  to  prop  up  the  back  while  putting  the  mud  bricks 

in^place ,     Then,  remove  the  boards  and  sea1  any  holes  with  mud  to  

form  a  dead  air  space  under  the  heater  which  will  serye  as  insulation 
and  increase  the  efficiency. 

The  heater  is  connected,  to  the  tank  in  such  a  v:ay  as  to  allow  the 
water  to  circulate  as  it  is  heated.     The  upper  connectors  of  the 
tank  and  heater  are  connected  with  one  hose  and  the  lower  connectors 
with  the  other.    The . tank  is  raised  approximately  18%  using  a  small 
table  or  a  brick  platform,  so  the  coolest  water  will  be  in  the  heater. 
As  the  water  in  the  heater  is  warmed,  it  rises  and  flows  out  the  upper 
hose  into  the  top  of  the  tank.     Cool  water  from  the  bottom  of  the 
tank"  enters  the  heater  at  the  bottom.    In  will  in- 

crease the  efficiency  of  the  solar  water  heater  by  cutting  down  the 
heat  losses .    Any  suitable  local  material  may  be  used,  such  as  straw 
or  sawdust . 


EVALUATION  ,  ; 

The  solar  water  heater  described  here  was  made  and  tested  in  Kabul, 
Afghanistan,  for  the  purpose  of  providing  hot  water  for  use  in  the 
hand  operated  washing  machine .     Three  sizes  were  made  and  tested: 
21/2'  x  k  1/2 _',  3"'  x  6',  and  31  x  81  which  are  the  sizes  of  sheet 
metal  available  in  Kabul.     The  3 1  x  6 1  heater  with  an  18  gallon  tank 
was  most  suitable  from  the  standpoint  of  cost  and  water  requirement # 
In  Kabul,  where  there  is  lots  of  sunshine,  the  18  gallons  of  Water 
were  heated  to  l4Q°  F .  between  sunup  and  noon  on  a  clear  summer  day. 

The  cost  of  the  solar  water  heater  was  $15*00  at  prices  paid  for 
material  and  labor  in  Kabul  during  the  summer  of  19ol« 

/  Material  Prom  -  Dale  B.  Fritz,  The  Asia  Foundation 


/ 
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HAND-OPERATED  WASHING  MACHINE 


ABSTRACT 


This  easily  operated  washing  machine  can  be  built  by  a  rcnl- 
skilled  carpenter  of  materials  readily  found  in  most  count,  les; 
It  can  wash  six  pounds  of  clothes,  can  be  shared  by  several  fami- 
lies   and  is  easy  on  clothes  while  being  effective  ar.d  sanitary. 


TOOLS  AND  MATERIALS 

Tub  Construction  -  Moderately  firm  softwood  (such  as  Cedrc  of 
— South  America)  free  from  large  heartwood  growth, 

  2  pieces  -  2.5  x  45.7  *  96.5-.cm.  -  sides  

1"  x  18"  x  3" 
2  pieces  -  2.5  x  30.5  x    -J.6  cm    -  ends 

1"  x  12"  16" 
2  pieces  -  2.5  x  15.2  x  40.5  cm.  -  bottom 

1"  x      6"  x  -16" 

1  niece     -  2.5  x  40.6  x  66.0  em*  -  bo'  '  -m 
P  l"  x    16"  x  26" 

4  pieces  -  2.5  x  10.2  x  76.2  cm*  -  lefelJ 
1*  x      4"  x  30" 

2  pieces  -  2.5  x  25.4  cm.  diameter  -  round  plungers 

1"  x    10v  diameter 
Z  pieces  -  3.8  x  12.7  cm.  diameter  -  round  plungers 

1.5"x      5"  diameter  - 
2  pieces  -  2,5  x  20.3  x  91.4  cm.  -  cover  (may  be  omitted) 

1"  x      8"  x  36"  -  . 

6  pieces  -  2,5  x  7.6  x  20.3  cm.  -  cover  (may  be  omitted) 

1*  x      3"x  8* 

Operating  parts  -  Moderately  firm  hardwood  such  as  Caoba  of  South 
America  7 

1  piece     -  2.5  x  7.6  x  121.9  cm.  long  -  lever 

1*  x    3"  x  43" 

2  pieces  -  2.9  cm.  square  38. 1  cm.  long-plungers 

1  1/8"  square  15"  long   

2  pieces  -  2.9  x  7.6  x  6l.O  cm.  long  -  uprights 

1  1/8"  x  3"  x  24"  long 
2  pieces  -  3.2. cm.  round  45.7  cm.  long  -  pivot  and  handle 

1  1/4"  round  18"  long 

Metal  Parts 

4  pieces  iron  or  brass  plate  -  .64  x  3.8  x  15.2  cm.  Dong 

ri/4"  x  1  1/2"  x  6"  long)  -  plunger  connection 
10 "rods  -  3.6  or  .79  cm.  diameter  v1.4"  or  5/I0  diameter;  

45.7  cm.  (18")  long  with  threads  and  nuts  on  each  end  -  iron  or 

T^jpj^g  g  ______  _  

20  washers  about  2.5  cm.  (l")  diameter  with  hole  to  fit  rods 

i  rod  -  .64  x  15.2  cm.  (1/4"  x  6")  with  loop  end  for  retaining  pivot 

6  bolts  -  .64  x  5.1  cm.  long  (1/4"  x  2"  long) 
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24  screws  -  4.4  cm.  x  #10  -  flat  head  (1  3/4"  x  #10) 
50  -  6^35  cm.  (2  1/2")  hails 

Strip. Sheet  Metal  with  turned  adge  -  6.4  cm.  wide,  152,4  cm,  long 

(2  1/2"  wide,  72"  long) 
Small  quantity  of  loose  cotton  or  soft  vegetable  fiber  for  caulking 

seams 


Minimum  Tools  Needed 

Tape  measure  or  ruler 
Hatchet,  Saw 

Wood  chisel  1.3  or  1.9  cm.  wide  (1/2"  or  3/4") 
Screw  Driver 
Adjustable. Wrench 

0.64  cm.  (1/4")  drill,  gimlet  or  similar  tool 

Draw  knife  or  plane  and  coping  saw  (would  be  useful  but  not  essen- 
-^tial) 


DETAILS 

Th±s  model  of  cashing  machine  should  be  a  decided  improvement 
to  conserve  clothing  over  methods  now  in  use  in  nany  countries.  This 
is  especially  true  where  do  the s  are  beaten  or  scrubbed  on  rocks.  It 
will  also  save  a  considerable  amount  of  lab^r.    If  the  cost  of  this 
machine  is  too  great  for  one  family,  it  could  be  used  by  several. 
However,  too  many  users  Will  probably  mean  severe  wear  or  breakage 
and  competition  for  times  of  use. 

Ihe  machi*       everses  the  principle  erooloyed  in  the  uaual  commercial 
washer,  in    .-..it     the  clothes  are  swism     through  the  water  for  various 
degrees  of  le  until  the  water  is       zing  and  thenreyersed.  To 

keep  this  ma       ie  simple,  the  clothes        y  more  or  less  stationary 
while  the  water  is  forced  back  and  fo    :i  z:  ^ough  the  clothes  by  the 
piston  action  of  the  plungers.    0he  plunger  creates  a  suctirn  zs  it 
rises  and  the  other  plunder  creates  a  pressure       it  moves  dew  ard. 
Since  the  principle  involves  the  chuiviJSg  action  of  the  water,  the 
slope  at  the  corners  of  the  machine  bottom  is  important  for  best 
action* 

_  The  machine  needs  a  rectangular^ tub  for  this  methodof  operation, 
i     The _ rectangular  box  also  is  easy  to  build  and  doet  not  require 

skilled, cooperage  methods .    Ih  general,  any  moderately  strong  wood 
that  will  not  warp  excessively  {such  as  cedro  in  Central  America) 
will  be  satisfactory.    The  sides  should  be  grooved  for  the  ends 
and  bottc-n        the  tub  as  indicated  and  bolted  with  thx^eaded  rodr 
extending  through  I^oth  sides  with  v*af;h<*-s  to  permit  it  to  :>e  drawn 
tight.    The  through  bo  It  in*  is  inpor';aut,  otherwise,  leaks  are 
inevitable . 

The  bIzo  indicated  cn  drawings  is  considered  sufficient  for  an 
average  family  in  the  U.S.    The  same  principle  may  be  used  for  a 
larger  or  smaller  machine  provided  basic  proportions  are  maintained. 
The  tub  should  be  slightly  lesb  thin  half  as  rid;*  as  it  is  long  to 
get  a  proper  sus?ge  of  water  •    T^e  pistons  should  be  ^ide  enough  to 
i  move  within  a  couple  of  inches  of  each  side  -of  t);e/tub.    The  lever 
pivot  should  be  high  enough  to  permit  the  plungers  to  move  up  and 
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down  -evera]  incher    ( i thou t  the  ed?e  of  a  lever  hitting  the  edge  of 
tb--  u'»b*    Likewise, rods  on  the  plunders  must  be  long  enough 
permit  plungers  to  go  well  into  the  water  so  that  clothes  com- 
pletely out  of  the  water  at  the  highest  position. 

For  efficient  use  of  the  abov--  washer*  several  suggestions  are 
made.    Fill  the washer  with  fifteen  gallon?  of  warm  or  hot  water 
depending  on  what  is  available.     Stair,*  should  be  removed,  soap 
rubbed  into  areas  of  garments  which  come  in  close  contact  with  the 
body,  and  especially  dirty  clothes  should  be  soaked  before  placing 
them  in  the  washer.     Shaved  soap  may  be  dissol\ed  by  heating  it 
in  a  small  quantity  of  water  before  adding  it  to  the  wash. water. 
A  six-pound  load  of  clothes  is  recommended  icr  best  cleaning.  Wash 
at  a  moderate  speed  (about  fifty  strokes  per  minute)  for  at  least 
ten  minutes  or  longer  if  it  seems  necessary.     After  washing  and 
rinsing  clothes,  rinse  the  washer  until  Cleat,  and  then  replace  the 
stopper.     To  prevent  the  wood  from  drying  out  and  the  washer  leak- 
ing, add  one  to  two  inches  of  water  to  the  washer  when  not  in  use. 

;ions  for  making  washer 


Mark  and  groove  sides  for  end  and  bottom  members* 
Drill  holes  for  cross  bolts* 

Gut  off  corners  and  trim  ends  of  side  members  to  lei 
Lev*l  ends  and  bottom  pieces  to  fit  into  groove  in  side  members. 
Miter  bottom  and  end  members  together* 
Assemble  and  bolt;. 

Cut  and  install  lie^si  ••    .=  - 

Caulk  seams  between  ends  and  bottom  m.  nbers  with  loose  cotton 
or  other  vegetable  fiber  to  make  seams  watertight.     If  joints 
to  side  rrembers  are  carefully  made-   they  probably  will  not  need 

caulking.  .   „«-,-.-         .     .  -  . 

Bore  hole  and  make  plug  for  draining  tub.     NOTE:     This  is  she  n 

side  in  drawing  but  it  is  ^fitter  in  bottom  of  tub. 
Make  an?  Ins tell "pivot  members  (upright)*  •_  . 

Make  and  install  plunger  lever.     NOTE:   the   cross  pivot  member 

'round)   should  be  shouldered  or  notehec  at  each  pivot  to  prevent 

side  movement. 
J^.ke  plungers  arid  installs 


ZVAUJATION 


A  pia;6t  mo^el  of  the.  machine  Was  made  by  the  U.  S.  Department  of. 
Agriculture   .n  tueir  shops  and  tested  in  the  Home  Economics  Labo- 
ratory at  Belts yllie.  Mar: land .    Under  test  conditions  a  comparison 
with  standird  electric  commercial  washers  was  very  favorable. 


Material  From  -  HOW  TO  MAKE  A  WASHING  M  AC.fi  INE 

V.  C  „  Pet tit  and  Dr*  K.  Holtzclaw, 
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LATRINE  FOR  VILLAGE  US2 


ABSTRACT 

This  low  cost  water  s^al  latrine 
slab  Is  a  single  concrete  casting. 
It  reCiUirbs  y^--y  little  space,  is 
sanitary ,  odorless ,  easy  t'>  install 
r.nd  maintain,  and  can  be  used  to 
produce  nigntsoil  fertilizer. 


TOOLS  AND  MATERIALS 

Foot  plate  form  -  See  Figures  2  and  3 
Steel  strap  iron  2"  wide,  917"  long 
3/8 n  bolt  and  nut  i"  long  to  hold  strap  iron  form 
3/8 H  bolts  5"  long  for  air  vents 
Outer  form  -  made  of  wood  detailed  on  Figure  6. 
Inn^r  form  -  made  of  wood  detailed  on  Figure  U. 
Clay  to  make  water  seal  form 

Cement  ?  sand,  stone  aggregate  up  to  1"  maxinru;  * 


DETAILS 

In  villages  where  space  Is  a  premium  and  the  soil  can  absorb  the _ 
flushing  water,   this  latrine  may  be  worth  serious  consideration.  A 
30"  diameter  hole  eight  feet  deep  is  covered. with  a  slab.     Most  soils 
have  sufficient  stability  to  support  the _ slab.     Very  loose  or  sandy 
soils  ir^y  require  some  type  of  lining.     Any  type  of  simple  superstruc- 
ture can  be  f'ttad  over  it  for  privacy.     If  the  nightsoil  must  t« 
used  for  fertilizer*   this  method  can  be  used.     After'  the  first  six 
months,  a  new  hole  is  dug,  arv*  the  ^        .oved.     The  first  pit. is 
covered  w  th  two  i'eet  of  Hirt;  -ii       .if?-  later  the  ;q;.ghtsoil  in 

th';  firpt  pit  has  been  conver  Q^   ;o  essentially  nonpathogenic  fer- 
tij.-L.~er  a;  \  may  be  used  with  i    ^sont'Me  safety.    Do  not  use  any  night- 
soil  fert.   izer  that  has  nrt  been  composted  at  least  three  months.  The 
slab  is  mc  :-d  back  to  the  first  hole  and  the  second  covered  with  two 
;eet  of  dii t , 

The  latrine  can  be  cleaned  with  only  1/2.  gallon  pf_ water .  When  

this  is  done,  there  is  no  odor  hbr  any.  flies   ind  it  stays  quite  clean. 
Thus  it  is  easy  to  use.     Villagers  mULJt  be  urged  to  provide  fo.?  a 
sufficient  supply  Qf  water  to  be  brought  and  stored  at  the  latrine 
in  f.  Urge  container  (eg.  a  4  gallon  kerosene  tin).     A  quart  container 
should  also  be  provided.     Instructions  should  be  given  in  the  proper 
method  of  flushing  the  latrine.     If  this  ±z  done  improperly  a  .large 
quantity  of  water  will  be  wasted.     Two  quarts  of  water  are  sufficient 
to  clear  the  latrine  *f  the  water  ±3  thrown  with  a  fair  amount  of 
force  from  the  narrow  end  of  the  latrine. 

Installation  is  so  simple  that  the  uru     in ed  villager  can  du  it 
easily.     The  round  one  piece  construction  facilitates  moving  th  "lab- 
by  rolling  it.     It  is  simple  to  mr^e  once  the  foi^ic  and  metho  -e 
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practiced.     The  materials  cosv  about  $1  for  a  latrine.  _ One  trained 
Villager  can_ make  three  slabs  per  day-,  using  three  forms.     The  wooden 
/orms  cost  about  $8  each; 


A  convex  foot-plate _fonn  about  38l! 
in  diameter  is  made  of  wood,  metal, 
or  concrete.     It  must  be        higher  in 
the  center  then  at  the  edge .  See 
Figure  2. 

Figure  3  she  *s  the  steel  ring  and 
inner  form  in  place  on  the  base.  The 
xing  is  formed  of  two  inch  wide  strap 
Iicr.  and  fastened  with  a  bolt  for  easy 
removal  from  the  concrete  slab.  The 
collapsible  wooden  inner  form  is  de- 
tailed in  Figure  4. 

The  inner  form  has  three  pieces, 
p  pure  *'IA  shows  the  outline  of  the 
two  side  pieces  of  the  form.  These 
must  be  cut  from  wx/i  2  1/4"  thick. 
The  18  1/8"  sides  a'ld  3  3/4"  sides  scay 
nearly  in  contact.     A  wedge  shaped  piece 
of  wood  shown  in  Figure  4D  holds  crmer 
3  of  the  sides  one.  inch  apart.     The . 
w-dge  fits  along  the  9"  side.  The 
spring  holds  the  form  closed  t^ght 
against  the  se^arati'  n  bars  while  the 
wedge  is  inserted  and  the  inner  form 

placed  c     the  base.     The  dimensions     

shov-a  for  the  J.nner  form  should  only  be  used  as  a  guide  Dine 
liiconsistencir  s  have  been  observed . 

Two  inches  of  well  mxxed  concrete   [cement  1,  sand  2,  stone  ch^.ps  3) 
is  placed  in  the  ring  and  tamped,  well  to  compact  it,     Next  the  wooaen 
out  ^   form  is  set  up  around  the  inner  liner.     See  Figures  5  ar^  6. 
The.—  should  be  a  clearance  of  not  leLS  c^uh  1/2 11  between  the  inner 
liner  and  the  wooden  outer  forms.     A  cement  sand  mixture  (cement  1, 
snnd  2)  of  plastic  consistency  i3  placed  in  this  inner  space  and 
compacted.     A  3/8 ?t  bolt  through  the  outer  wood  form_and  into  the  in- 
ner form  provides  an  antisyphon  v*rrt  and  helps  to  hold  the  inner  form 
in  place.     See  Figures  Sff  10,  aad  11. 


Figure  2 
Wood  and  clay  inner  form 
in  place  on  the  base  seen 
from  abo^e .     Steel  rim  al- 
so in  position. 


Figure  3_ 
Inner  fcrm  and  steel  i'-iri  lii 
place  or:  base . 


After  48  hour?  che  easting  nay 
be  placed  oh  blocks.     The  clay  siphon 
and  wooden  inner  form  removed,  and 
a  finish  of  cement  plaster  added  t 
cover  £.ny  imperfections .     When  thi; 
is  set  a  final  coat  of  pure  cement 
is  put  on .     If  there  is  any  defect 
in  the  seal  it  may  easily  be  re- 
paired by  putting  a  little ^cement 
slurry  {cement  2nd  water  in  creamy 

onsistency)  o/er  the  defect  and 
addJng  at  once  cement  plaster  to  fill 
the  defect i 
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EVALUATION 


The  American  Friends  Service  Committee  '  ^rp^ci  prr.-j^ct  h&s  developed 
this  unit  and  have  many  ±ri  use.     They  are  lh     bv;7  &  2.?  <1ay  course  in 
latrine  construction  to  villagers  and  seA       .  .  rS/*»iis  at  .ibo'^  **c  the  _ 
villagers  completing  the  course.     P!oi:e  ppr.3on:<  ?y?vo  completed 

this  course. 


* — i 


4*  T-ro  it  Vtiw 


3-dimenftional  vli 
of  wedg^ 


4-P 


hinge 


bo trees  View 


separation  l>ars  jj^ 


*  it  *  vocd*n  w^gc,  ultd  to  hold  SxUlM 
tight.    To  r«jvi  form  £r«  c  oner  at* 
latrine,  or.s  knocks  out  wedge,  chess 
removes  separation  bare;  the  bottom 
of  the  form  the*  contracts 
If  the  wood  ie  not  herd  end  smooth,  a  tin 
outer  coating  sty  be  hmmmted  on  to  wooden 
form. 

Biflih  of  mold  at  A  4  B  are         and  ^  re- 
•pectively.    The  teparatioo  bare  mz  £  &  1 
are2V'&  4"  long  itspe^tlveiy. 


Finished  bowl-sesi  i  arm,  ready  for  placing 
od  wooden  bme.    The  vater-eeal  form  bsa 
been  molded  from  city,  by  hanri,  ind  placed 
on  top  of  the  Wooden  bowl  form.    The  si* e 
end  configuration  of  the  weterseel  form 
aust  be  shaped  carefully,  ae  abeam. 
„  i«        This  la  not  difficult. 
2X 


1/2M  wide 
1/2"  deep 
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Figure  5 
lab  has  b^en  poured;  part 
erior  sectional  mold  has 
d  in  its  position. 


the 
-la 


tibha 
erit 

cone 
te  . 


Figure  7 
1  view  after  souring  the 
n  bowl  and  trap.  Note 
ve  shape  of  the  base 


.Figure  9 
Section  of  the  easting  after  re 
rrioval  of  the  ::*orms  . 


Figure  6 
Rough  exterior  knock-apart  mold 
made  to  fit  around  the  clay  core 
with  a  clearance  of  1/2"  tc  3/4". 

Wooden  constituents  of  above  mold. 
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Figure  o . 
Transverse  section  of  the  east- 
lag  wf:^h  forma  ±r.i  olace . 


Completed 
where  the 


moved 


ou  t  •  The 
plaster  and 
applied. 


?lgur5!  16  __ 
^as;irigset  up  on  -ricks 
woolen  inner _  Corm_is  re- 
clay  siphon  ilnins  dug 
fi*T*i  •  iriisn  of  cement 
hek-  cement  polish  3s 


 Figure  LI    

fh  e  c  c  mp  1  e  t  e  &  _  y  a  s  t 1  rig  f  r  om 
above  z:i owing  the  dimensions  „ 


Material  Pr^m  -  "£»3i:?±he8  for  Villrge  Use  '  Report 

oh  Work  ±h  the  Field  of  Sahitary_ 
Engineering  b~  Edwin  Abbott H.D. 
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INTRODUCTION  TO  CONCRETE  CONSTRUCTION 

P 

ABSTRACT 

Concrete  is  a  strong,  durable  and  Inexpensive  construction  material 
vhen  properly  prepared;  This  brief  summary  in  conjunction  with  later 
entries  w'"1!  give  you  a  good  introduction  to  concrete  construction 


TOOLS  ANT-  r  ^Fl RIALS 

None  -  information 


DETAI  > 

After  «    . i'  rete  has  set ,  there  is  no  simple  non-destructive  test 
to  evaluate  how  strong  it  is*     There  fore,  the  entire  responsibility 
for  making  concrete  a  strong  material  in  accordance  with  specifica- 
tions resti  ivith'  the  _  supervisor  bh_  the  job  and  the  people  who  prepare 
measure  and  mix  the  Ingredient s,  plac^  them  in  the  formt,  dncl  watch 
over  the  concrete  whi  le  It  havens  • 

The  most  important  factor  in  making  strong  concrete  is  ^he  amount 
of  water.  Beginners_r re  likely  to  have  too  much*  See  the  entry  on 
a  slump  cone  for  furtner  details. 

Hie  proper  proportion  of  all  the  materials,  designed  for  the  appli- 
cation, is  essential .     The  concrete  calculator  will  help  give  the 
proper  proportions  a<\d  amounts  for  your  Jod# 

Properly  graded,   clean,  r.harp  aggregate  and  sand  is  required  to 
mako  goc     concrete.     When  we  glue  two  pieces  of  paper  together,  we 
spread  c      glue  evenly  and  in  a  thin  iayc      ^nd  press  firmly  to 
uMiriinate  3"  r  hole        In  concrete,  the  cement  Is  the  glue,  and  the 
sa- d  and  aggregate     re  material  being  joined. 

By  properly  graded  we  mean  that  there  are  not  too  many  of  any  one 
Ize  grains  or  pebbles .     Visualize  this  by  thinking  of  a  large  pile 
or  stone  all  1  1/2"  In  diameter.     There  would  be  spaces  between 
tnase  stcnes  where  smaller  pebbles  would  fit>     We  could  add  to  the 
pljxi  just  enough  smaller  stones  to  fill  the  largest  voids  *   _Now  the 
voids  would  be  smaller. -r^t*  arid  even  smaller  pebbles  could  fill  these 
holesj  and  po  forth.     Carried  to  an  extreme,  the  pile  would  become 
nearly  solid  rock,  and  only  a  very  small  amount  of  cement  would  be 
nee^i'd  to  stick  it  together.     The  resulting  concrete  would  be  very 
clense  and  str^.iK, 

Snstrp  aggregate  and  sand  is  desl  x-abie .    Smooth,  rounded  stones  und 
sand  y& L  make  fairly  goo 5 _ concrete;  but  sharpy  fr^ue^ ted  particles 
work  better  because  the  cement  as  a  glue  can  get  a  better  K^*lp  °n  s 
rough  stone-  with  sharp  e<tgos. 

:T    ±3  extremely  ijupor-tant        iiave  bh£  ^ES?S S s^ ? _ s  _  I§3.n- 

3i±ii_clayi  bitr  of  organic  matter  will  ruin  concrete  if  there  is 
very  much  present .    A  very  simple  Vest  for  cleanliness  makes  use  of 


a  cleai\  wide-mouth  jar.    Pill  the  Ja-r_  about  half  full  of  the  finer 
material  available, _ the  sand  and  small  aggregate^ _ and  cover  with 
water,,    .hake  the  mixture  vigdrousiyj  and  then  allow. it . to. stand  for 
three  hours  .    Jn  almost _every  ..case  there  will  be  a.  distinct  line 
dividing  the  fine  sand  suitable  for  con  that  which  is  too 

f ine  i     If _^he  very  fine  material  amounts  to  more  than  10^  of  the 
suitable  material,  then  the  concrete  made  from  it  will  be  weak. 

'Phis  means  that  other  fine  material  should  be  sought,  or  the  avail- 
able material  should  be  washed  to  remove  the  material  that  is  tbd_ 
fine.     This,  can  be  done  by  putting  the  sand  (and  fine  aggregate  if 
necessary)  in  some  container  such  as  a  drum,.     Cover  the  aggregate 
with  water,  s^xr  thoroughly,  and  let  stand  for  a  minute,  and  pour 
off  the  ii^uid.     One  or  two  such  treatments  will  remove  most  of  the 
very  fine  material  and  organic  matter. 

Another  point  to  consider  in  the  selection  of  aggregate  is  its 
strength.     About  the  only  simple  test  is  to  break  some  of  the  stones 
with  a  hammer,     if  the  effort  required  to  break  the  majority  of 
aggregate  stones     s  greater  than  the  effort  required  to  .■  reak  a  simi- 
lar sized  piece  of  concrete,  then  the  aggregate  willrnak    strong  con- 
crete .     If  the  stone  breaks  easily,  then  you  can  expect  that  the  con- 
crete made  of  these  stones  will  only  be  as  strong  as  th'*  stones 
themselves* 

In  very  dry  climates  several  precautions  must  be  If  the 

sand  is  perfectly  dry,  it  packs  into  a  smaller  space •     .f  you  put 
20  buckets  of  bone  dry  sand  in  a  pile,  stirred  in  two     icket»  of 
water  you  could  carry  away  about  27  buckets  of  dan?p  sund.     The  c&art 
does  not  take  t  :  Is  extremely  dry  sand  into  account.     Xi  your  sand  is 
completely  dry.     dd  some  water  to  it  or  else  do  your  measurements  by 
weight  instead  -u*  volume,     The  surface  of  the  curing  concrete  should 
be  kept  damp  -     This  is  because  water  evaporating  from  the  surface 
w -31  remove         '  — '  the  wai      needed  to  maix-  a  proper  cure  •  Cover 

the  concrete  wit  ;;  I  .  il'iin  ,  ;;per1  burlap*  _r, ;.raw>  or  anything  that  

will  hold  moist1;- v.   :rl  k^:r-  "he  direct  sun  and  wind  frcm  the  concrete 
surface .     Keep  the     -vicrete  moist  by  sprinkling  as  often  as  necessary; 
this  may  Hp  as  often  as  three  times  per  day.    After  the  first  week 
of  curing *  it  is  not  so  necessary  to  keep  the  surface  damp  continuously. 

Mixing  the  materials  and  getting  \A?m  in  pJaoe  quickly*  tamping  and 
spading  to  a  dense  mixture  is  important »     This  is  covered  on  the  en- 
try on  mixing. 

Reinforcing  concrete  will  allow  much  greater  loads  to  be  carried. 
Later  entries  describe  the  proper  installation  of  reinforcing  rods. 
Design  of  reinforced  concrete  structures  can  become  to  complicated 
for  a  person  without  special  training,  if  they  are  lai/3  or  must 
carry  high  loads • 


Principal  Reference  -  "A  Building  Guide  for  Self 

Help  Project11  Department  of 
Social  Welfare  arid  Community 
Development .  Accra,  Ghana. 
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HAND  MIXING*  CONCRETE 


ABSTRACT 


Proper  mixing  of  in- 
gredients is  necessary 
to  get  the  highest 
strength  concrete* 
Hand  mixed  concrete 
made  with  the3e  tools 
and  directions  can  be 
as  strong  as  machine 
mixed  concrete. 


TOOLS  AND  MATERIALS 
Lumber  -  2  pieces 


sneer  MetAi. 


6'  x  3' 


2" 


Galvanized  sheet  me- 
tal -  6'  x  3' 
Nails 

Saw,  Hammer  -  - 

Or  concrete}  for  making 
a  mixing  'floor* 
(About  10  cubic  feet 
of  concrete  are  heeded 
for  an  8 1  diameter  mix- 
ing floor  made  2"  thick 
with  4M  high  rim.) 


DETAILS 


On  many 'self -help  projects  the  amount  of  concrete  needed  may  be 
small  or  i!fc  may  be  difficult  to  obtain  a  mechanical- mixers  Under 
these  circumstances  hand  mixing  of  the  concrete  will  be  necessary 
and,  If  a  fSw  precautions  are  taken,  the  quality  of  concrete  can  be 
made  equivalent  to  that  from  a  mechanical  mixer. 

The  first  requirement  is  a  watertight  and  ei^fctt  base  upon  which 
the  mixing  can  be  done.  'Phis  can  be  a  wood  and  metal_mixing^boat 
(Figure  1/  or  a  simple  round  floor  made  of  concrete  (Figure  2) . 

The  ends'  of  the  wood  and  metal  mixing  .boat  are  curved  to  make  , 
emptying  e^as^er,,    The  raised  edge  of  the* concrete  mixing  floor 
serves  to  'prevent  loss  of  water  from  the  concrete. 

The  procedure  for  mixing  is  similar  to  that  for  mechani; 
in  that  the  dry  materials  should  be  mixed  first/    As  a  mix,: 
recommended  that  the  pile  of  stone,  saucl,  and  cement  be  tu,  . 
completely  once.     It  should  be  completely  turned  a  sec^t.    _  . 
the  water  Lis  being  added.    Then  it  should  be^.wd  a  third ' 
Anything  less  than  this  will_ndt_adecuately  mix  ail  materials/  When 
this  last  istep  is  completed  the  mix  can  oe  plac<^  as  usual,  v 


Correctly  placing  the  fresh  concrete  In  the  forms  or  shuttering 
Is-  Important  in  making  strong  structures ;     The  Wet  conci'ete  mix 
Should _ not  be  handled  roughly  either  in  carrying,  to.  the  shuttering 
or  putting  in';o  the  shuttering*    In  either  case  it  is  very  easy, 
through, joggling  or  thrown ig,  to.  separate  the  fine  from  the  coarse 
^terial.     We  have  said  berbre  that  the  strongest  concrete  comes 
when  the  various  sizes  of-  aggregate  and  cement  are  well  mixed  to- 
gether ._  The  concrete  mix  Bhould  be  firmly  tamped  into  place  with 
a  thin  (3/4")  iron  rod. 

Be  sure  to  rinse  concrete  frcm  the  mixing  boat  and  tools  when 
finished, each  day  with  the  work.     Ttais  will  prevent  rusting  and 
caking  of  cement  on  them  for  smooth  shiney  tool  and  boat  surfaces 
make  mixing  surprisingly  easier,  and  the  tools  wili  last  much  lon- 
ger.    Also  try  to  keep  wet  concrete  off  your  skin,  for  th<*  material 
is  somewhat  caustic, 

_  •  j 

When  the  shuttering  is  full  the  hard  work  is  done,  but  the  process 
is  not  finished.     The  shuttering  must  be  removed  and  the  concrete 
protected  until  adequate  strength  is  attained .    The  hardening  action 
of  cement  begins  almost  immediately  after  the  water  is  added*  but 
the  action  may  not  be  fully  completed  for  several  years . 

;  A 

Concrete  reaches  t h'e-^t r e ng t h  used  In  the  designing  after  28  days 
and  is  strong  enough  for  light  loading  after  J  days^    In  most  cases 
the  shattering  can  be  removedJQ^o-n  standing  structures  such  as  bridges 
or  waliB  after  4  to  5  days .     In  small  ground  supported  structures 
such  as  street  drains  it  is  possible  to  remove  the  shuttering  within 
6  hours  of  completion  provided  this. is  done  carefully.     Special  con- 
ditions, usually  specified  on  the  plans,  may  require  leaving  the 
shuttering  In  place  for  a  much  longer  cime . 

During  the  early  Btagee  of  hardening  pr_curlng  thf  cement  in  tije 
concrete  continues  to  neecT  moisture*     If  thersis  insui'f icient  water 
available  the  cemen,  is  unable  to  complete  its  job  of  g?cuing  the 
aggregate _ together.  .Because  of  this,  it  is  recommended  that  new 
concrete  be  protected  1'ronu  drying  winds  and  the  sun,  and  that 
the  surface  of  the  new  concrete  be  kept  damp.    For  cement  floors  or 
op^n  construction  a  covering  of  v*  nana  or  palm  leaves  will  be  ade- 
quate, but  these  should  be  giv?    jl  sprinkling  of  water  at  least 
once  and  perhaps  twice  each  H      for  a  period  of  not  less  than  one 
week.  ■"" 

notorial  From  -  "A  gilding  Guide  for  Self -Help 
Projects,"  Department  of  Social 
Welfare  and  Community  Development, 
Accra,  Ghana . 
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CONCRETE  SLUMP  CONE 


ABSTRACT 

Tfte  use  of  this  simple  devic 
will  enable  you  to  determine  i 
the  proper  amount  of -water  has 
been  added  to  the  mix,  which 
will  Insure  maximum  strength  i: 
the  finished  concrete. 


TOOLS  AND  MATERIALS 

Heavy  galvanized  iron 
Strap  iron  -  4  pieces  1/S"  x  3" 
x  1"_ 

16  iron  rivets  1/8 11  diameter 

x  1/4 M  long 
Wooden  dowel  2k"  long,  5/8" 

diameter 


DETAILS 

In  making  reinforced  concrete,  it  is  important  to  have  Just  enough 
water  to  make  the  concrete  settle  firmly  into  the  shuttering  (forms) 
and  around  the  reinforcing  when  it  is  thoroughly  tamped  i 

Ifie  easiest  way  is  to  look  at  the  mix  and  at  the  way  the  workmen 
place  the  wet  concrete.    If  the  mix  appears  soupy  and  the  aggregate 
shows  up  clearly  iri  the  mix;  then  it  is  too  wet.    At  the  same  time  it 
will  be  noticed  that  the  workmen  dump  the  mix  into  the  shuttering 
and  do  very  little  tamping  because,  if  they  do  any  amount  of  tamping, a 
large  amount  of  water  will  immediately  appear  on  the  surface.  The 
workmen  will  soon  complain  if  the  mix  is  too  dry. 

_A  more  accurate  method  of  making  a  decision  on  the  proper  amount 

of  water  is  to  use  the  slump  test^  This  test  requires  a  small  cone 

made  of  fairly  strongmetal  and  open  at  both  ends.    Dimensions  of  the 
cone  and  tamping  rod  are  shown  in  the  sketch i    Once  this  simple  equip- 
ment is  available  the  jslump  test  becomes  very  easy*    The  steps  to 
follow  are  listed  below i 

1.  Set  the  slump  cone  on  a  smooth  clean  surface  and  stand  on  the 
hold-down  clipsat  the  bottom  of  the  cone. 

2.  Have  someone  fill  the  cone  to  1/4  of  its  height  and  tamp  this 
layer  25  times,  __       

3^    Fill  the  cone  to  1/2  its  height  and  tamp  this  layer  25  times . 
Avoid  tamping  the  first  layer  again.  

4.  Pill  the  cone  to  3/4  its  height  and  tamp  25  times.  Avoid 
tamping  the  previous  layers. 

5.  Complete  filling  of  the  cone  and  tamp  this  layer  25  timesi 

6.  Step  off  the  hold-down  clips  and  lift  the  cone  vertically  and 
very  carefully  off  the  concrete ; 
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Since  this  process  will  have  taken  only  a  few  minutes  the  concrete 
will  stiil  be  very  soft  when  the  cone  is  removed  and  the  top  will  fail 
t:%  some  extent  while  the  sides  bulge  out  i    This  is  called  the  slumps 
Obviously,  if  the  mix  is  too  wet  the  concrete  will  lose  its  shape 
completely  and  become  Just  a  soft  pile,  _A  good  mix^  as  far  as  the. 
water-cemeht  ratio    is  concerned^  will  slump  about  y  to  4"  when  the 
cone  form  is  removed*    It  is  well  to  keep  in  mind  that  dirty  or  muddy 
water  can  cause,  as  much  trouble  as  aggregate  with  excessive  fine  ma- 
terials.   Use  clean  or  settled  water. 


EVAJUATION 

The  stap  test  is  a  standard  test  for  evaluating  wet  concrete^  Riis 
particular  cone  and  rod  has  been  recommended  for  village  construction 
projects  in  Ghana i 


Material  From  -  "A  Building  Guide  for  Self  Help 

Projects"  Department  of  Social 
Welfareand  Community  Development 
Accra,  Ghana ;  received  through 
the  Near  East  Foundation. 
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QUICK  SETTING  CEMENT 


ABSTRACT 


Using  calcium  chloride  as  an  additive  in  nnkLng  concrete  results 
in  a  fasl^er  setting  product  with  high  initial  strer"-"u 

1 


TOOLS  AND  MATERIALS 

Ingredients  for  regular  concrete  (any  Portland  cement),  and  mea- 
sured amount  of  calcium  chloride. 


DETAILS 

In  some  applications  a  quick  setting  concrete  is  very  useful. 
Situations  arise  when  many  repeated  castings  are  desired  from  the 
same  form  or  mold.     Using  an  accelerator  allows  parts  to  be  cast 
about  twice  as  fast  as  without  it . 

However,   the  mixed  batch  must  be  put  into  the  forms  faster  since 
the  concrete  setsup  sooner.     In  general,   the  batches  are  small  for 
these  applications  so  that  fast  setting  up  is  no  particular  trouble. 
Moreover,  the  accelerator  does  not  impair  the  ultimate  strength  of 
the  concrete . 

The  accelerator  is  best  added  by  mixing  one  pound  clean  calcium  chlo- 
ride in  each  quart  of  water  (1/2  kilogram  for  each  litre)  and  then 
using  this  solution  as  part  of  the  water  used  in  the  concrete  mix. 
Use  the  solution  at  a  ratio  of  2  quarts  (2  litres)  for  each  bag  of 
cement  (94  lbs.  or  43  kg.) .     Mix  the  concrete  in  the  usual  way. 


EVALUATION 

This  is  the  method  recommended  by  the  Portland  Cement  Association 
to  accelerate  the  curing  of  concrete. 


Material  From  -  DESIGN  AND  CONTROL  OF  CONCRETE 

MIXTURES ,  Portland  Cement  Asso- 
ciation,  33  West  Grand  Avenue, 
Chicago  10,  Illinois. 
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AIDED  SELF-!  IE  LP  HOUSING  ABR0AD 


For  the  most  of  human  history -$  shelter  has  been  provided  by 
the  self-help  method.    Within  recent  years  many  governments  and 
peoples  have  found  that  when  included  as  a  part  of  the  process  of 
economic  development,  aided  self-help  methods  will  contribute 

greatly  to  shelter  improvement .  They  are  particularly  useful  in 

countries  where  economic  development  is  in  its  early  stages , 
providing  an  qDportuhity  for  the  people  to  make  significant 
improvements  with  regard  to  housing  within  available  resources 
by  using  the  greatest  resource  of  all ,  the  manpower  of  the 
families  themselves. 

Thus ,  aided  self-help  in  housing  is  a  method  to  utilize  the 
many  man  hours  available  in  the  form  of  heretofore  unused  leisure 
time  -  often  enforced  leisure  because  of  seasonal  unemployment,, 
used. in  conjunction  with  some  practical  form  of  aid  from  the  state 
or  others^  enabling  man  to  improve  his  shelter  through  his  own 
efforts  using  profitably  his  spare  time  to  an  extent  that  he  never 
could  -  al  one  and  unaided* 

Fterhaps  the  most  important  consideration  is  that  this  formula 
permits  many  governments  to  hot  wait  for  economic  development  but 
to  proceed  now  within  available  resources  and  to  both  improve 
living  conditions  and  also  actually  contribute  to  economic  develop- 


The  production  of  better  shelter  by  the  aided  self-help  hous- 
ing method  involves  certain  responsibilities  both  on  the  part  of 
the  sponsor  o f ^*i d  and  on  the  part  of^ the  f  ami 1 ies  o r  groups  of 
families  who  are  engaged  in  the  effort  to  obtain  better Jiousing. 
The  sponsor  often  assists  with  technical  advice  in  design  and 
construction.    Sometimes  he  arranges  for  the  provision  of  limited 
amounts  of  hard-to-get  building  materials  which  may  greatly  inprov 
the  end  product.    Long  term  building  loans  at  low  interest  rates  are 
often  ne cessary.    At  times  the  sponsor  must  assist  in  arranging  for 
secure  land  tenure  through  title  or  long  term  lease.    Often  a  com- 
bination of  some  or  all  of  these  forms  of  aid  make  up  an  aided 
??lfr*l?lp  bP115^11?  program.    In  any  -event t  the  sponsor  must  be  " 
organized  mid  equipped  to  promptly  furnish  such  aid  as  is  deemed  r' 
necessary  and  advisable. 

The  family  or  group  to  be  aid^d  must  assume  the  responsibility 
for  contributing  its  labor  to  the  joint  effort.    Frequently  the 
tamily  gathers  together  all  of  the  local  materials  which  will  be 
necessary.    Usually  it  repays  the  cost  or  a  portion  of  the  cost  of 
the  aid. 

The  aided  self-help  method  of  improved  housing  and  shelter 
encourages  private  ownership  of  property.     It  provides  construc- 
tive opportunity  for  the  use  of  spare  time.     It  gives  the  fami ly 
an  opportunity  to  improve  its  economic  position  and  its  social 
status  iji  ^e^oniTiunity.     It  gives  each  participating  family  a 
stronger  interest  in  the  economic  and  political  stability  of  the 


merit. 
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country.     It  adds  hope  for  a  better  future  for  many ^  even  though 
their  government  has  comparatively  few  resources. 

The  programs  reported  in  this  brochure  are  only  a  few  of 
those  which  are  well  under  way  in  many. places.    Lach  program  can 
1c am  from  the  other  programs^  particularly  new  ones.    This  can 
be  done  through  film  and  dbctiirents  -9  but  by  far  the  best  way  is  to 
call  in  people  who  have  experience ,  especially  those  who  have 
shown  imagination, and  ingenuity  in  initiating  new  programs  in  new 
places.    Technical  cooperation  in  this  field  is  developing  rapid- 
ly tl  rough  agreeirents  between  individual  governments^ (bilateral J; 
and  agreements  between  international  organizations  with  indivi- 
dual governrents  (multilateral)  and,  also,  through  private  contracts. 


LXAMPLE  OF  AIDED  SELF-UfcLP  HOUSING 


After  World  War  II ,  while  most  of  Europe  was  rebuilding, 
Greece  was  still  fighting  against  a  Comnunist  inspired  revolution- 
ary army*    When  the  Communists  were  defeated  late  in  1949, 
irrcnediate  reestablishment  of  Greece's  agricultural  economy  was 
necessary.    Ninety  thousand  war  damaged  houses  in  over  210U 
farm  villages  had  to  be  rebuilt^    Funds,  labor,  materials  and 
transportation  were  in  short  supply.    At  this  point,  Greece 
turned  to  aided  self-help  housing,  as  a  technique  to  rebuild  for 
most  of  the  homeless  families. 

In  conference  with  village  leaders  and  others^  tne  Ministry 
of  I  busing  and  Reconstruction  developed  a  plan  so  that  returning 
farriers  could  quickly  rebuild  their  own  homes'  with  aid  from  the 
Governirent .    The  State  provided  technical  advice  and  the  organi- 
zation to  make  possible  the  huge  building  program.     It  furnished 
the  scarce  (often  imported)  materials  and  it  delivered  these 
materials*  to  l£*gal  points  of  distribution.     In  addition^  the__ 
State  supplied  small  amounts  of  cash,  so  that  the  returning  far- 
mers could  purchase  materials  which  were  produced  locally,  and 
could  enploy  a  limited  amount  of  skilled  labor  to  show  them  how 
to  rebuild  and  to  assist  them  in  the  most  difficult  phases. 
Periodic  release  of  aid  was  oh  the  basis  of  eligibility  aid  the 

progress  which  the  family  made  in  reconstruction.  Living  areas 

were  limited  to  300  square  feet  per  family,  with  provision  for 
future  expansion. 

The  families  accepted  the  responsibility  for  organizing  the 
reconstruction  of  their  homes.    They  gathered  together  the  local 
materials  which  were  available  hear  the  site^  such  as  stone, 
adobe  earth  and  sometimes  timber,  and  purchased  locally  manu- 
factured products  such  as  lime.    They  transported  the  hard-to- 
get  materials  supplied  by  the  State  from  the  nearest  distribution 
center  to  their  home  site,    Then,  with  the  entire  family  working, 
they  rebuilt  their. own  homes  with  the  advice  and  sometimes ;  the 
assistance  of  the  limited  supply  of  skilled  labor  and  government 
technicians  which  were  available. 
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SELF-HELP  HOUSING  MATERIAL 
PRESSED  EARTH  BLOCKS    flOt  Cement  or  Lire  Mix) 


The  Dampened  Earth  Mixture  is  Placed  in  a  Machine 
to  Form  Building  Blocks  Under  Pressure. 


Compression  of  the  StabiUzed  Earth  Oc- 
curs. Some  Authorities  Suggest  Sinking 
the  Machine  in  a  Small  Pit  About  IB"  Deep 
for  Easier  Filling  and  Compressing. 
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The  Block  is  Removed  from  the  Machine  Ready  for  a 
Short  Period  of  Drying  Before  Use; 


STONE  AND  CEKENT  SELF-HELP  HOSES 


Life  Begins  Again  far  the  Seventy  Thousand  J3reek 
War  Refugee  Families  who  Rebuilt  Their  Own  Homes 
Under  the  Aided  Self -Help  Housing  Program. 
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EARTH  BLOCK  PRESS 


Building  blocks  and  tiles  for  small  houses^  farm J^ild^gSj  waUsA  f l^rsA  ^ti<» 
and  walks  can  be  made  from  a  simple^  portable^  low-cost^  hand-operated  machine, 
using  common  earth  and  cement  or  lime.   The  all-steel  machine,  tough  and  durable f 
if  constructed  for  long  arid  hard  use.    Oiling  arid  ordinary  care  to  ksep  it  rust- 
free  are  the  only  maintenance  requirements.    In  many  areas  earth  blocks,  if  made 
by  the  user,  cost  only  about  1/20  as  much  as  conventional  building  blocks. 


Earth  blocks  are  used  in  the  sne  way  as  other  masonry  building  materials.  In  

laying  then  upp  apply^the  same  mortar  you  would  normally  use.  Blocks  of  heavier 
densities  need  no  surface  protection*    They  may  be  painted. 


The 

CTnva-Ram 
Block 
Press 


ADJUSTING  THE  PISTON 

When  the  press  leaves  the  factory  the  two  guide  angles, 
between  which  the  piston  slides,  are  properly  adjusted. 
Continued  use  of  the  press  or  accidental  jarring  may 
loosen  these  or  force  them  out  of  precise  vertical 
alignment.  This  may  cause  the  piston i  head,  during  the 
compression  stroke,  to  travel  out  of  horizontal  line 
and  therefore  produce  blocks  having  unequal  end 
dimensions.  This  can  be  corrected  easily  through  re- 
alignment by  means  of  the  two  sets  of  adjustment  huts 
and  bolts  attached  to  each  guide  angle  arid  the  press 
frame. 

In  full  ejection  position  the  piston  head  should  be  level 
with  top  of  mold  box.  If  one  edge  of  piston  is  above 
or  below  top  of  mold  box: 

Move  guufc  angles  by  reguliting  ad- 
justment bolts  until  piston  bead  is  flush 
with  top  of  mold  box. 
Be  sure  then  is  no  considerable  move- 
ment in  the  piston  assembly  after  this 
adjustment. 

If  there  is  much  side  movement  after 
bringing  piston  head^fcvel  with i_tpp  of 
mold  box,  ail  adjustment  bolts  must  be 
tightened,  an  equal  amount  to  bring 
both  guide  angles  in  toward  piston. 
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SELECTING  THE  EARTH 

Most  earth,  when  reasonably  free  from  vegetable  mat- 
ter, will  make  good  compressed  earth  blocks  arid  tiles. . 
Select  earth  on  your  property  which  requires  the  least 
amount  of  digging  to  meet  this  specification.  The  earth 
from  foundation  or  basement  excavations  wil1.  usually 
be  suitable. 


STEPS  IN  

TESTING  Y9UR  EARTH 

1.  Fill  a  straight-sided  glass  jar  about  one-third  full 
of  earth. 

2.  Add  water  to  fill  jar  about  two-thirds  foil: 

3.  Cover  jar  and  shake  vigorously  until  all  of  the  earth 

is  in  suspension. 

4.  Allow  earth  to  settle  until  you  can  see  the  various 
particle-size  c'visions.  (About  30  minutes.) 

Although  any  earth  will  make  a  suitable  block,  one 
should  attempt  to  use  earth  which  will  make  the  best 
block.  This  is  made  from  earth  jiavirig  particle-sizes 
from  very  fine  to  fairly  coarse.  The  coarse  particles 
should  not  be  less  than  one-third,  nor  more  than  two- 
thirds  of  the  earth  in  the  jar.  The  only  earth  which  is 
not  suitable  is  earth  having  only  one  par  tide -size. 
However,  a  is  often  possible  to  add  sand  to  make 
fine  particle  earth  suitable. 


Vig.  JSititr 
Wittr 

Vtry  FiM 

Fit* 

Coarii 
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Blocks  and  Floor  Tiles 


PREPARING  THE  EARTH 
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Only  the  simplest  of  implements  are  required  tc  prop- 
erly prepare  the  selected  earth. 

SCREENING  THE  EARTH 

The  selected  earth  must  be  screened  through  mesh 
having  openings  of  about  Va"  square. 

ADDING  THE  CEMENT 

Depending  upon  the  intended  use  of  the  blocks  and 
the  climatic  conditions,  excellent  results  can  be  ob- 
tained with  5  to  10  percent  cement.  After  screening 
the  earth,  sprinkle  the  measured  amount  of  cement 
evenly  and  mix  thoroughly.  Generally,  a  higher  per- 
centage of  cement  will  result  in  a  block  having  greater 
resistance  to  erosion,  absorption,  arid  abrasion. 

NOTE:  Lime  may  be  substituted  for  Cement,  but  in 
doing  so,  double  the  quantity  b]_Lime  used 
and  also  Double  the  Curing  Time  of  the 
Blocks  or  Tiles. 

MOISTURE  CONTENT 

The  amount  of  moisture  in  the  earth  mixture  is  one  of 
the  most  important  requirements.  A  simple  test  to  de- 
termine the  correct  amount  of  moisture  in  the  mix  is 
to  squeeze  a  ball  of  the  soil  mix  in  your  hand.  If  the 
ball  can  be  broken  in  two  without  crumbling  arid 
without  leaving  any  moisture  on  your  hand,  the  mois- 
ture content  is  correct.  Should  the  mix  be  too  dry, 
sprinkle  small  amounts  of  water  evenly  arid  mix  thor- 
oughly until  it  is  of  the  right  consistency. 


V4  "  mesh:  actual  size  — 


Screening  the  soil 


Moistening  the  soil 
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SU/xUrd  V  i  1CT  x  6'  long 


Rollers  This  End 
Approx.  60"- 


14* 


-a  

2"  t  r  tfeits 
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MOUNTING  THE  PRESS 

The  press  must  be  attached  to  a  wooden  baseboard  for 
necessary  stability. 

OPERATING  THE  PRESS 

In  order  :o  make  good  compressed  earth  blocks  and 
tiles,  enough  earth  mix  must  be  loaded  into  the  mold 
box  to  require  a  hard  pull  on  the  handle.  Make  a  few 
test  blocks  and  tiles  to  determine  the  quantity  of  your 
earth  mix  which  must  be  loaded  into  the  press  to  give 
you  this  adequate,  hard  pull. 

There  are  three  basic  operations  in  making  the  com- 
pressed earth  blocks  c.  riles: 

1;  Loading  the  mold  box: 

2.  Compressing  'he  mix. 

3.  Ejecting  the  finished  product. 


Detailed 
Movements 

1.  Place  the  handle  in  the  rest  posi- 
tion and  open  the  mold  box  by 
swinging  the  cover  horizontally 
until  its  stop  is  reached;  then  fill 
the  mold  box  with  the  prepared 
earth. 

2.  Close  the  mold  box,  skimming  off 
excess  earth,  and  bring  the  handle 
to  the  vertical  position;  then  re- 
lease the  latch. 

3.  PuH  down  the  handle  until  it  is 
parallel  with  the  ground.  This  ap^ 
plies  the  necessary  pressure  to 
form  the  block.  If  the  mold  box  is 
properly  filled,  this  should  require 
a  "hard  pull". 


2. 


4!? 
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4.  Return  the  handle  to  the  original 
rest  position,  swing  cover  back 
and  open  the  mold  box. 

5.  Pull  down  on  the  handle  in  the 
opposite  direction  until  it  is  paral- 
lel with  the  ground.  This  ejects 
the  block. 

6a  Removing  blocks  from  the  press: 
Place  hands  flat  at  the  ends  of 
the  block,  being  careful  not  to 
damage  the  corners  or  edges  and 
then  gently  lift  the  block  from 
the  mold  box.  Place  oh  edge  at 
the  curing  site. 

6b  Removing  tiles  from  the  press: 
Place  one  flat  hand  on  top  of  the 
tile.  Keeping  the  tile  and  wooden 
insert  together,  slide  both  off  the 
mold  box  until  the  other  hand 
can  be  placed  beneath  the  insert. 
Place  both  on  edge  at  the  curing 
site  and  then  gently  separate  the 
insert  from  the  tile. 


3B 


7  j   i  irr- 


6a 


NOTE:  One  of  the  greatest  ad- 
vantages of  a  compressed  earth 
btock  or  tiie  is  that  it  can  be  re* 
moved  immediately  from  the  press 
without  the  use  of  a  pattet. 


<Sb 
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UNDEISID! 
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AND  _ 
INSIDI 
MOID  BOX 


LUBRICATION  fOINTS 


LUBRICATING  THE  PRESS 

AND  ACCESSORIES 

Before  and  during  operation,  oil  all  moving  arid  wear- 
ing parts;  especially  the  underside  of  the  steel  cover, 
the  inside  of  the  mold  box,  the  metal  face  of  the  msert. 
arid  the  wooden  form:  FREQUENT  oiling  of  the  form 
arid  insert  DURING  OPERATION  will  prevent  fin- 
ished blocks  and  tiles  from  sticking  when  removing 
them  from  the  press.  A  light  coating  of  oil  over  the 
entire  press  after  operation  or  during  storage  for  long 
periods  of  time  will  keep  it  free  froni.  rust. 

MAKING  BLOCKS  AND  TjkfiS' 

To  make  a  solid  block,  do  not  use  the  wooden  form 
or  the  insert.  Remove  both  from  the  mold  box.  If  the 
wooden  form  is  attached  to  the  piston  head,  it  can  be 
released  by  removing  the  two  screws  at  the  top  of  the 
wooden  forrri. 

To  make  a  semi-hollow  block,  attach  drily  the  wooden 
form  to  the  piston  head  by  means  of  the  two  screws 
supplied. 

To  make  a  tile,  place  only  the  insert  at  the"  bottom  of 
the  mold  box,  MeTat  face  up. 

NOTE:  Each  Cinva- 
Ram  comes  equipped 
with  5  inserts  to  fabri- 
cate blocks  for  field 
drains,  grilles,  lintels, 
shelf-supports,  con- 
duits and  pipes,  as  well 
as  semi-hollow,  tile, 
and  half  blocks: 
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Since. 1961  when  the  Peace  Corps  was  created;  more  than. 80, 000  U;S;  citizens  have  Served 
as  Volunteers  In  developing  countries,  living  and  working  among  the  people  of  the  Third 
World  as  colleague s  and  co-workers.     Today _6bQ0_PCVs_are .involved _in_programs_designed 
to  help  strengthen  local  capacity. to  address  such  fundamental  concerns  as  food 
production,  water  supply,  energy  develo^ent,  nutrition  and  health  education  and 
reforestation. 


Lore t  Miller  Ruppe  ~,  Director.. 
Everett  Alvarez^  Jr.  Deputy  Director  . 

Richard  B.  Abell,  Director,  Office  of  Programming  and  Training  Coordination 


Peace  Corps  overseas  offices: 


BELIZE 

P.O.   Box  487 

Belize  City 


P.O.  Box  1094 
Suva 


177  Jalan  Raja  Mud  a 
Kuala  Lumpur 


Box  564 
Victoria 


BENIN 
BP_971 
Co  to no u 


HA  BOM 

BP  2098 
Libreville 


MALI 
BP  85 
Baaako 


Private  Mail  Blag 
Freetown 


P.O.  Box  93 
Gaborone 


GAME  I 


P.O.  Box  582 
Banjul 


MAURITANIA 
BP  222 
Nouakchott 


SOLOMON— ISLANDS 
P.O.  Box  547 
Honiara 


"CAMEROON 
BP  817 
Yaounde 


nil  AM  A 

unnrni 

P.O.  Box  5796 
Accra  (North) 


P.O.  Box  336 
Sal pan,  Mariana 
Islands 


SWAZILAND 
P.O.  Box  362 
Mb  abane 


CENTRAL  AFRICAN 
REPUBLIC 


BP  1080 
Bangui 


GUATEMALA 

6a  Avenida  1*46 

Zona  2 

Guatetnala 


MDRQCC0_ 

I,  Bue  Behzerte 

Rabat 


TANZANIA 
Box  9123 
Dar  es  Balaam 


CHILE 

Casilla  27-D 
Santiago 


HONDURAS 
Apartado  Postal 

_C-5l 

Tegucigalpa 


NEPAL 

P.O^Box  613 
Ha  thmandu 


THAILAND 

Sqi  Somprasong  2 
Petchburi  Road 
Bangkok  4 


COSTA  RICA 
Apartado  Postal 
1266 

San  Jose 


DOMINICAN- REPUBLIC 
Apartado  Postal 

1414  

Santo  Domingo 

EASTERN  CARRIBBEAN 
Including:  Antigua 

Barbados,  Grenada, 

M^ntserrat  , 

St.  Kitts-Nevii, 

St  .Luc  ia,  St .  

..Vincent ,  Dominica 
"Erin  Court" 
Bishops  Court  Hill 
P.O.  Box  696-C 
Bridgetown,  Barb  ado  e 


JAMAICA 

9_ Musg rove  Avenue 
Kingston  10 

KEN¥A 

P.O.  Box  30518 
Nairobi 

LESOTHO 
P.O.  Box  554 
Maseru 

LIBERIA 
Box  767 
Monrovia 

MALAWI 
Box  208 
Lilongwe 


MIC|*R 

BP  10537 
Niamey 


OMAN  _ 

P.O.  Box  966 

Muscat 

PAPUA  NEW  GUINEA 
c/o  American  Eabaasy 
Port  Moresby 


PARAGUAY 

c/o  American  ftnbassy 
As  unc  ion 


P.O.  Box  7013 
*mils 


BP  3194 
Lome 


TONGA. 
BP  147 
Nuku'Alofa 

TUNISIA  _ 

8,  Ave.  Louis 

Braille 
Tuni  ■ 

UPPER  V0LTA 

BP  537-SamandlQ 

Ouagadougou 


P.O.  Box  680 
Apia 


ECUADOR  . ...  _ 
CaslIIa  635-A 
Quito 


RWANDA  

c/o  American  tabassy 
Kigali 

SENECAL 
BP  254 
DKka? 


YEMEN 

P.O.  Box  1151 
Sana* a 

ZAIRE 
BP  697 
Kinshasa 
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